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THE INSENSIBLE LOSS IN SURGICAL PATIENTS 


Wilfred W Fuge, M D , 

BurrALO, N Y 
AND 

Bruce M Hogg, M D 

New York, N Y 

FROM THF DFP VRTMI NTS OF SLnGI li\ AM) PinSIOLOGV OF TIIF COLLFGF OF PHYSICIANS VND SURGEONS COLUMBIA 
UNIWRSm VND THE DFPVRTMFNT Ol SLRCFRV, TIIF PRFSmTIRIVN HOSPITAL, NFU \ORR CITl 

Since the incidence of leactions to parenteial fluids has been reduced, their 
value in the tieatment of suigical patients has lapidly increased Although 
paienteial fluids aie widel}' used today, then adnunistiation still remains 
laigely empirical In older to determine the exact fluid lequirements of sui- 
gical patients, Coller and Maddock *• 2 * 5 proposed the clinical use of a water 
balance method descnbed by Soderstiom and DuBois , 4 and by Newbuigh, 
Johnston and Falcon-Lesses " This, essentially, is as follows 


INCREMENTS Or WATER EXCHANGE 


Available Water 

(1) Exogenous 

(a) Diet 

(b) Water as such 

(2) Endogenous 

(a) Oxidation 

(b) Preformed 


Excreted Water 

(1) Perceptible 

(a) Urine 

(b) Feces 

(c) Emesis 

(d) Drainage 

( e ) Perspiration 

(2) Insensible 


Coller and Maddock 3 have discussed in detail the watei balance method 
They emphasized especially the unpoitance of the insensible water loss and 
the necessity of its replacement in the postopeiative period It is this loss 
which is usually ovei looked clinically and which is given fuithei study here 
Benedict and Root 0 define insensible loss as “The gaseous emanations from 
the body which do not appear in the form of a sensible moistuie or sweat, m 
othei words, the insensible, invisible, intangible but weighable gaseous and 
vapor productions ai ising fi om the lungs 111 the process of exhalation and from 
the skin by due process of vaporization ” These emanations are chiefly carbon 
dioxide and water vapor 

Johnston and Newburgh 7 have shown that the insensible weight loss is 
the resultant of the weight of water lost by vaporization, the weight of the ex- 
haled carbon dioxide, and the weight of the absorbed oxygen , expressed by 
the following equations 
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INSENSIBLE WEIGHT LOSS = WATER VAPOR + COo — 0> 

or 

INSENSIBLE WEIGHT LOSS — COj + Oj = WATER VAPOR 

The greatei piopoition of the insensible weight loss is composed of watei 
Accotding to Benedict and Root 0 it is about 85 pei cent, and to Newbuigb, 
ct al , s the water vapor vanes fiom 85 to 100 per cent of the insensible loss, 
depending upon the amount of carbohydi ate, piotem and fat being metabolized 
Newbuigh and his associates 8 - 9 have detei mined that 25 per cent of the 
total body heat was lemoved by the vaponzation of watei In anothei study 50 
they could demonstrate no 1 eduction m the amount of watei vaporized when 
dehydration of as much as 6 pei cent of the total body weight had been pro- 
duced It appears, theiefoie, that the weight of the vaporized watei is pio- 
portional to the total energy exchange of the body and is not influenced by 
lesser degrees of dehydration 

Recoided detei minations 3 of insensible loss in surgical patients vary fiom 
1,000 to 2,500 Gm daily, wheieas the lecoided aveiage 8 losses of noirnal adults 
at normal activity vary between 1,000 and 1,500 Gm daily It would seem 
that the total eneigy exchange of normal active adults would be greater than 
suigical patients confined to bed, and in view of the above woik the insensible 
loss of the active adults should be greater Because of this apparent contra- 
diction and the clinical impoitance of this form of fluid loss, it was felt that 
further study of the insensible loss in surgical patients was indicated 

The Method and the Conti ol — In a study of sick suigical patients the 
method must be adapted to the welfaie of the patient and at the same tune 
record the effect of changing mtnnsic and extnnsic conditions An indirect 
method described by Wiley and Newbuigh 11 was, theiefoie, used in this study 
The method is summanzed by the following mathematical equations 

INITIAL WEIGHT + TOTAL INTAKE 

minus 

PERCEPTIBLE OUT PUT -f- TINAL WEIGHT 

equals 

INSENSIBLE LOSS 


The patients weie weighed daily at the same hour on a silk balance accuiate 
to =t= 5 Gm All intake and output was weighed and careful w atch was main- 
tained so that nothing was lost before weighing Weights weie measured and 
checked by moie than one obseiver befoie lecordmg Insensible loss and 
sweating are two distinct and independent piocesses, 0 - 12 13 hence perspnation 
uas carefully separated from the insensible loss Bedding and clothing weie 
weighed dry and as soon as peiceptible moistuie appealed, they weie weighed 
again to determine the loss due to sweat An effort was made to avoid sweat- 
ing* by discarding all excess bedding In the immediate postopei ative period, 

* Newburgh, ct al 8 have shown that the temperature and the humidity of the en- 
vironment had little effect on the insensible loss when the subject was clothed and com- 
fortable All studies were made during the winter and early spring months 
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when sweating is apt to occui, the patients weie piotected from diafts and 
kept comfoitably coveied 

Since such factois as body tempeiatuie, activity m bed and caloiic exchange 
could not be conti oiled in the sick suigical patient, detei minations were made 
over several 24-houi penods The moie piolonged obseivations leflect the 
result of changing conditions, and 111 combination give a lecord of insensible 
loss undei aveiage suigical conditions Although the insensible loss varies 
fiom day to day^, 14 the losses of any one case on various days will be found to 

CODE 


INTAKE 


OUTPUT 


MISCELLANEOUS 

AVERT1N 

TRANSFUSION 


RECTAL 


DIET 


PARENTERAL S* 

1 


SUBCUT 

intraven 


MOUTH 


M 


PERSPIRATION 


RECTAL 


I LOSS 

EMESIS 

LAVAGE 


1 


URINE 


INSENSIBLE LOSS 


BODY WEIGHT 
KILOGRAM 

DO I 2 3 

POST- OPERATIVE 
DAYS 

Chvrt 1 - — The Code Etch column represents a 24 hour 
period The left hand portion is di\ ided into the increments 
of intake, the right hand portion into the increments of output 
The solid black line represents the cumulative effect of dailj 
fluctuations in bodj n eight 

fall within a small range of fluctuation Rathei wide vanations occur on only 
a few days and these will be discussed separately 

As previously pointed out, the percentage of watei vapor in the total 
insensible weight loss vanes with the caibohydiate, piotein and fat being 
oxidized The amount and piopoition of these substances oxidized vanes from 
day to day Under suigical conditions the nuxtuie oxidized and the weight of 
the C 0 2 and CL could not be ascertained Hence all losses recorded are losses 
of insensible weight From a clinical standpoint, the insensible weight loss 
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may be considered as watei loss, as the difference between the two, due to the 
CO 2 and 0 2 exchange, is relatively small 

ObseivaUons and Data — All deteimmations were giaphed on the same 
scale, the code (Chait 1 ) descnbing the vaiious inciements 


LR / 17 YR 



CfA S 27 YR 
APPENDECTOMY 




AVS 



-2f 


2 3/ 


-3i 


AVG 


Chart 2 — Ctsc L R (P II No 269427) Acute Chart 3 — Cisc E M (P H No 510618) 
appendicitis Acute appendicitis 

Case L R — (PH No 269427) Acute Appendicitis There was a rapid post opera- 
tive recovet y The maximum temperature’ 1 of 100 8° F occurred on the second da\ The 
weight loss continued to 3 3 per cent of the original bod} weight in spite of a good caloric 
intake the last seven days The average insensible loss was 1,503 Gni per dav The loss 
on the day of operation docs not represent a full 24 hour period ( Chart 2) 

Case E M — (P H No 510618) Acute Appendicitis The postoperative course was 
uncomplicated The temperature curve reached a maximum of 101 8° F on the first dav 
The average daily insensible loss was 1,341 Gm (Chart 3) 



Chart 4 — Case W P (P H No Chart 5 — Case L K (P H No 509519) Left indirect 

318340) Recurrent appendicitis inguinal hernia 

Case W P — (PH No 318340) Recurrent Appendicitis The patient had a smooth 
postoperative course with moderate perspiration the first two days but slight thereafter 
The cumulative body weight loss reached a maximum of 2 per cent on the second day 
coincident with a large fluid intake by mouth and a diuresis of 5,090 Gm The maximum 
insensible loss of 2,034 Gm occurred on the same day The average daily insensible loss 
was 1,638 Gm (Chart 4) 

* All temperatures recorded were obtained per rectum 
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Case L K — (PH No 509519) Left Indirect Inguinal Hernia The postoperative 
course was uncomplicated The maximum temperature, of ioi° F, occurred on the first 
day The insensible loss averaged 1,256 Gm per day (Chart 5) 

Case C C — (PH No 505551) Bilateral In- 
guinal Hernia, Duodenal Ulcer, Left Hernior- 
rhaphy There was a minimal postoperative reac- 
tion with the maximum temperature, of 100 8° F , 
occurring on the first day Maximum body 
weight loss of 2 3 per cent followed a diuresis on 
the first day of 3,860 Gm The insensible loss 
which averaged 1,498 Gm per day was somewhat 
higher the last three days when the caloric intake 
averaged over 2,900 calories per day (Chart 6) 
Case C C — (PH No 505551) Right Her- 
niorrhaphy second operation (ref Chart 6) 
There was practically no postoperative reaction 
A diuresis of 3,400 Gm on the first day was fol- 
lowed by the maximum body weight loss, of 2 5 
per cent Again the insensible loss was slightly 
higher on the last four days, during a period of 
high caloric intake and increased activity 111 bed The average daily insensible loss was 
1,665 Gm The average for both operations, covering a period of 22 days, was 1,604 Gm 
(Chart 7) 





AVG 


-3i 


Chart 6 — Case C C (P H No 
S 055 S 1 ) Bilateral inguinal hernia, duodenal 
ulcer, left lierniorrhaph} 



Chart 7 — Case C C (P H No 505551) Second operation (ref Chart 6) 

Right herniorrhaphj 





AVG 


Chart 8 —Case H S (P H No 
5071 15) Bilateral inguinal hernia, right 
herniorrhaphy 


Case H S — (PH No 507115) Bilateral 
Inguinal Hernia, Right Herniorrhaphy There was 
a mild postoperative reaction The maximum tem- 
perature, of 101 8° F , occurred on the first day 
There v 7 as progressive loss of 3 per cent of the 
original body weight The average daily insensible 
loss for the period w r as 1,804 Gm (Chart 8) 

Case H S — (PH No 507115) Left Her- 
niorrhaphy second operation (ref Chart 8) There 
u r as a minimal postoperative reaction with the 
maximum temperature, of 99 8° F , occurring on 
the first day There w r as a slow progressive loss 
of 4 6 per cent of the original body weight even 
though the caloric intake averaged 2,785 calories 
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for the last eight days The average daily insensible loss for the second operation was 
1,845 Gm and for both operations, a period of 22 days, 1,830 Gm (Chart 9) 

+ 6 H HS o' 34 YR 

HERNIA REPAIR 



DAYS 2nd BOTH 



Chvrt9 — Cise H S (P H No 507115) Second operation (ref Charts) 

Left herniorrhaphy 

Case F M — (PH No 493334) Cholecy stectomy, Appendicectomv There was a 
moderate postoperative reaction the first three days with slight perspiration on the first 
day The maximum temperature was 1028° F There was a gain of 1,730 Gm in weight 
the first two days This w'as probably due to water retention as the urinary output was 
low' On the third day the urinary output inci eased, the insensible loss was high and the 
w'eight started to decrease to a maximum loss of 3 6 per cent The insensible loss was 
high on the third and thirteenth days The average daily insensible loss for the 15 days 
yvas 1,500 Gm (Chart 10) 



Ch\rt 10 — Case F M (P H No 493334) Cholecystectomy, 
appendicectomy 

Case E B — (PH No 517132) Partial Thyroidectomy This patient presented 
clinical signs and symptoms of hyperthyroidism yvith an elevated basal metabolic rate 
There yvas clinical improvement during the preoperative period associated yvith a small 
gain in yveight On the day of operation there yvas a gam in weight of 1,780 Gm This 
yyas probably due to retention for as the urinary output increased on the folloyving day 
to 3,060 Gm the body yveight decreased 1,920 Gm The large intake and output on the 
first day yvas due to a cool colonic lavage given for a rising temperature, the maximum 
of yy'luch yvas 102 4 0 F The further course yyas uneventful and the basal metabolic rate 
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on the sixth day was plus four The daily aveiage insensible loss for the preoperative 
period was 1,467 Gm , foi the postopei ative penod 1,321 Gm, and for the 15 day period 
the average was i,399 Gm (Chart 11) 



bmr +21% + 26 Vo +4% 

-3 

Chart 11 — Oise E 13 (P H 517132) Pirtnl thjroidcctomy 

Case I E — (PH No 512999) Partial Thy- 
roidectomy This was the postoperative study of an 
uncomplicated thyroidectomy performed for a diffuse + 4 -* 
toxic goiter The basal metabolic rate three davs 
befoie operation was plus 36 The maximum tem- 
perature vv as 100 4 0 F on the fii st day The basal 
metabolic rate on the sc\enth postoperative day was 4 1 4 
plus three The daily average insensible loss was KG _ 0H 
1,154 Gm (Chart 12) 

Case EH — (PH No 302641) Partial Thy- 
roidectomy This case presented typical signs and 
symptoms of hyperthyroidism The initial basal -3 h 
metabolic rate was plus 47, and the insensible loss Ch\rt 12 — Chsc I E (P H No 
2,258 Gm These decreased before operation to plus 512999) Partial th> roidectom> 

27 and 1,610 Gm , respectively There was a slight postoperative reaction, the maximum 
temperature reaching 101 8° F on the second day r On the fifth day the patient became 
emotionally upset The insensible loss on this day was increased and the basal metabolic 
rate at the end of the 24 hour period was plus 16 The preoperative daily insensible loss 
averaged 1,889 Gm The postoperative daily 1 - insensible loss averaged 1,244 Gm The 
average daily loss for the 16 days was 1,647 Gm (Chart 13) 

Case P P — (PH No 503254) Exploratory Celiotomy, Biopsy of Pydorus, Ante- 
rior Gastrojejunostomy There was a moderate reaction during the first few postopera- 
tive days with an uneventful but slow convalescence The maximum temperature was 
101 8° F on the first postoperative day 

There was a progressive gain of 13 x per cent of the body weight up to the fourth 
postoperative day This was associated with a low urinary output, gastric retention and 
peripheral edema At the same time the patient was thirsty and the tongue and skin were 
dry There was evidence of hemoconcentration as shown by the increasing hematocrit, 
plasma specific gravity and plasma proteins determinations 

Parenteral fluids for six days consisted of physiologic saline and Ringer’s solutions 
There was definite salt retention until the fourth postoperative day, even though 
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the urinary chlorides, as determined by the Mohr 15 test, as discussed by Fantus, 10 in- 
creased to 2 4 per cent On the fifth day, following administration of 5 per cent dextrose 
solution, improvement took place as evidenced by loss in weight, increase m the unnar> 
output, disappearance of edema and reduction m hematocrit and specific gravity deter- 
minations Furthermoie, all clinical evidences of dehydration disappeared 

It is felt that adequate fluids were administered but the patient received an excessive 
amount of sodium ions, consequently fluid was retained in the tissues 1S > 1D > 20 The gas- 
tric retention may also be attributed to edema of the gastrojejunostomy stoma and intes- 


EH ? 40 YR 

DIFFUSE TOXIC GOITER 



-2 


BMR 

-3*« 7 % 


-27% 


+ 16% 


Chart 13 — Case E H (P H No 302641) Partial thyroidectomy 

tinal wall as described by Mecray, Barden and Ravdm 21 Coller and Haddock," and 
Nadler 23 have discussed m detail the relative value of fluids in surgical patients 

The insensible loss averaged 1,180 Grn per da\ for the 21 day period (Chart 14) 



* TOTAL CMS 









16 2 78 16 

HEMATOCRIT / 

77 

13 19 

20 II 13 9 

6 6 

5 8 

13 1 2 

15 1 1 

1 1 9 

34 36 41 

SP GRAVITY PLA 

44 

37 

38 

37 

39 

4T 

38 

37 

L0261 10237 „ _ 

L0254 

10269 

10269 

L0222 

10225 

10219 

10232 

10226 

L0236 


Chart 14 — Case P P (P H No S°3 2 54) Exploratory celiotomy, biopsy of pylorus, anterior 

gastrojejunostomy 

Case J T — (PH No 509921) Taking Down of Gastro-Enterostomy, Gastrorrha- 
phy, Partial Jejunectomy, End-to-End Jejunojej unostomy There was a mild postoperative 
reaction The maximum temperature, of 102 8° F , with but one exception occurred on 
the first day The insensible loss was low on the day of operation and continued through- 
out the first three postoperative days during which time clinical evidences of dehydration 
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were present Manchester, ct al and Levine and Wyatt" 5 have demonstrated the effect 
of seveie dehydiation in reduction of the insensible loss Newburgh and Johnston 10 could 
demonstrate no effect on the water of vaporization by dehydration of as much as 6 per cent 
Hence it must be presumed that prior to this four day period the patient had lost more 
than 6 per cent of his body weight in fluids 

On the second day, when the loss was lowest, the patient presented a typical picture 
of severe dehydiation and passed no Gm of urine during the first 12 hours The pulse 
suddenly increased to 150 and the temperature to 104° F After an infusion there was 
definite clinical improvement, the pulse and temperature fell and the unnaiy output, for 
the remaining 12 hour period, was 1,020 Gm 

The patient maintained his weight to the sixth postoperative day, at which time 
parenteral fluids containing salt were stopped and a diuresis developed Weight loss con- 
tinued until the twelfth day, when it was 7 9 per cent of the body weight Sodium chlo- 
ride capsules were administered by mouth and the weight slowly increased, but it was 



"O'* / chi or 1 nr 1 

urW } 12 0 7 05 03 Q9 06 35 04 04 06 07 08 09 

EXCRETION J 

__ CLYSI5 

STOPPED — NACU PO - 

Chart is — C ase J T (P H No 509921 ) Taking clown of gastroenterostomy, gas 
trorrhaphj , partial jejunectonn , end to end jejuuojejunostom> 

not until the sixteenth postoperative day that the diuresis stopped and the chloride excre- 
tion rose above normal 

It is believed that the conditions in this case are the converse of the previous case, 
namely, salt starvation It might be added that for 37 days prior to operation the patient 
received medical treatment for the marginal ulcer during which time the nature of the 
diet included but little, if any, sodium chloride 

The average daily insensible loss for the 19 day period was 1,402 Gm (Chart 15) 

The aveiage insensible loss pei day 111 the series ranged from 1,154 Gm 
to 1,830 G111 The aveiage for 175 twenty-foui hour penods was 1,457 Gm Of 
the total output of each case the insensible loss langed from 308 per cent to 
49 ^ per cent or an average for all cases of 39 4 per cent (Table I) 

Benedict and Root 0 have shown that the insensible loss is appi oximately 
proportional to the body weight Levine, et al , 26 have also shown a similar 
relationship between insensible loss and body weight, height and surface aiea 
The cases considered in this study were arranged m ordei of their body weight 
irrespective of the type of the surgical proceduie Although the study was 
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not conducted with the patients at basal conditions, theie exists an apparent 
lelationship between the size of the body and the insensible loss 

Theie weie two cases which did not follow this relationship The hist, 
Case F M (Chait io) was a female, age 22, five feet three inches tall, weigh- 
ing 161 pounds She had chronic cholecystitis and cholelithiasis Her 
stature and the disease suggest a metabolic disturbance The daily insensible 


Table I 

summari or iNsi'Nsimr loss ni ttrmixations 


Weight 




in Kilo- 

Stir Area 


Case 

Height 

grams 

Sq Meter 

Days 

P P 

5' 2 " 

47 57 

1 45 

21 

I E 

5' H" 

49 08 

1 43 

7 

E H 

5' iH" 

49 24 

1 48 

10 

6 


E B 

5' 3^" 

50 95 

1 5i 

8 

7 

E M 

5' 6H" 

56 59 

1 64 

8 

J T 

5' 8H" 

57 29 

1 67 

*9 

L R 

5' 7X" 

61 50 

1 73 

10 

C C 

5' 3X" 

63 33 

1 67 

8 

14 


W P 

5'ii " 

66 47 

1 83 

7 

F M 

5' 3^" 

73 44 

1 76 

15 

L K 

5' 8H" 

75 10 

1 88 

13 

H S 

5'io^" 

78 63 

1 98 

8 




175 





Insensible 




Loss Per- 




centage of 

Average Daily 

Total 

Insensible Loss 

Output 



1 , 180 


33 2 



1,154 


32 4 

Preop 

1,889 


47 2 


Postop 


1,244 

37 0 


A\e 

1,647 



44 0 

Preop 

1,467 


38 3 


Postop 


1,321 

28 6 


Ave 

1,399 



33 3 



i,34i 


43 6 



1 ,402 


30 8 



1,503 


44 0 

1st op 

1,498 


40 0 


2nd op 

1 ,665 


42 6 


Ave 


1,604 


42 0 



1,638 


38 0 



1,500 


40 2 



1,286 


41 0 

1st op 

1 ,804 


52 0 


2nd op 

1-845 


43 5 


Ave 


1,830 


49 6 

Days — 

Average- 

-1,457 Gm 

39 4 


loss curve was the most nregulai of the senes For the size of the patient the 
average insensible loss foi the period was low The second, Case L K 
(Chart 5), although well piopoitioned, had a thick, flabby panniculus adiposus 
He was phlegmatic in type and extiemely inactive both mentally and physically 
Foi the size of the patient the average insensible loss foi the peiiod was 
extiemely low 

It is interesting to note that the hypeithyioid cases, aftei suigical collection 
of the metabolic disturbance, fell into the propei lelationship accoidmg to the 
size of the patient Pi 101 to opeiation the insensible loss of these cases was 
abnormally high 
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Discussion — The amount of fluids oideied foi a surgical patient is usually 
determined by the appeal ance of the patient and the amount of intake and 
output lecoided on the chait foi the pievious day or days Respectful atten- 
tion is always given to the unnary output foi the piecedmg 24 hours befoie 
the fluid piogiam is outlined foi the day 

The follow mg case lllusti ates gi aphically the inadequacy of such a pi ogram 
and the clinical nnpoitance of othei than perceptible losses 

Case S L — (PH No 448691) Enterostomy, Exploratory Celiotomy, Release of 
Peritoneal Band The figures which weie accepted as a daily guide for fluid administra- 
tion were taken from the chart and plotted The difference between the daily intake and 
output was represented as a cumulative increase or decrease in weight The cumulative 
gain of intake over output amounted to 26 7 Kg , or 3 7 per cent of the total weight of the 
patient It is improbable that the patient retained fluids amounting to 59 pounds for there 
was an obuous decrease 111 the weight of the patient during his illness (Charts 16 and 17) 

In Chart 17 it will be noted that the intake and the output are the same as in Chart 
16, except that to each daily output w r as added an estimated loss of 1,500 Gm per day 
The daily output then exceeded the intake and the curve of the cumulative difference de- 
creased constantly to a point which was 14 per cent below the original weight of the 
patient At this point the patient suddenh went into a state of collapse , the extremities 
became cold, cjanosis was marked, the blood pressure fell, the pulse w r as rapid and thready 
and the temperature and respirations increased rapidly The patient w f as placed in an 
oxygen tent and an infusion administered until a transfusion could be given As a result 
of this treatment the patient slowly responded and the convalescence thereafter w r as slow 
and une\entful Throughout the remaining postoperative course intake exceeded output, 
and the weight cur\e slowlj returned tow r ard the normal 

This case demonstiates thiee impoitant facts, namely, The empmc admin- 
istration of fluids to be unsatisfactoiy , the false secunty of a mmaiy output 
which seems to be adequate, and the clinical importance of the insensible loss 
It is felt that the collapse of the patient was due to severe dehydiation Eight 
horns after collapse, and aftei the above emergency measuies w r ere instituted, 
the specific giavity of the blood w r as still as high as 1,0618 What the 
specific gravity w r as when the collapse occuired is unknowm Coller and 
Maddock 27 have demonstrated, 111 humans, that after 6 per cent of the body 
weight 111 fluids has been lost the subject is on the verge of serious dehydration 
Usually unnary output diminishes until piogiessive dehydration, as demon- 
strated by Case P P (Chart 14) and Case J T (Chait 15) In Case S L 
(Chart 17) the unnary output w ? as more than a liter pei day This was con- 
sidered adequate and parenteial fluids w r eie stopped on the eighth postoperative 
day The reserve supply of fluid which w^as alieady diminished continued to 
fall more lapidly, during the next turn days, to a maximum loss of 14 per cent 
The body w^as then so depleted of fluid that severe hemoconcentration and col- 
lapse occuired 

As previously pointed out, 111 this series of cases, 39 4 per cent of the total 
output w^as lost thiough the insensible loute This is sufficient to make the 
insensible loss as serious a dehydiatmg factor as the urinary output, as demoli- 
sh ated in Case S L (Charts 16 and 17) Intake exceeded output by far 
until allowance w r as made for the insensible loss, at which time a marked 
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negative balance occui i ed It is to be i emembered that the dissipation of heat 
thiough the vapoi nation of watei continues constantly until the watei supply 
is depleted and a cntical state of dehydiation exists 


Chart i6 



DAYS 


Chart 17 


INTAKE^ ^OUTPUT 


•8 h 



S L / 60 YR 
BOWEL OBSTRUCTION 



AVG 


Charts 16 ind 17 — Case S L (P H No 448691) Enterostomy, 
exploratory celiotomy, release of peritoneal band 


From a surgical point of view the most common form of deranged water 
exchange is that of dehydration The nature of some surgical piocedures 
necessitates a method of theiapy which contraindicates the administration of 
fluid by the usual routes Frequently this deprivation extends ovei a period 
of several days and sometimes a week or longer Occasionally, peisistent 
vomiting, prolonged enterostomy drainage or forced duodenal drainage is 
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lequned which also depletes the body of fluid and electiolytes Unless fluid 
is adequately admmisteied by othei loutes, a state of dehydration is inevitable 

The patients undei going less extensive suigical procedures aie usually 
capable of maintaining a satisfactoiy balance of water and salt The cases in 
which majoi proceduies are undertaken, especially those on the gastro- 
intestinal tiact 01 those which distuib the normal function of the tiact, aie 
dependent upon the judgment of the suigeon foi fluid, electrolytes and 
nounshment 

If dehydiation is to be avoided rathei than combated, adequate provision 
must be made to cover these losses, including that lost insensibly It is im- 
practical to determine the insensible loss of each surgical patient but a rea- 
sonable amount, as demonstiated in this study, can be estimated from the size 
and weight of the patient Only by lecogmzmg the clinical importance of the 
insensible loss can replacement be made accoidmg to the physiologic require- 
ments of the suigical patient 


SUMMARY 

(1) The insensible loss m 12 surgical patients having 14 operations ranged 
fiom 1,154 to 1,830 Gm pei day 

(2) The average insensible loss foi 175 twenty-four hour periods was 
1,457 Gm per period 

(3) The insensible loss foi all the cases aveiaged 39 4 pei cent of the total 
output 

(4) The insensible loss vaned with the size of the patient lathei than with 
the type 01 the extent of the surgical pi ocedure 

The authors wish to thank Margaret E Cordes, R N , Louise M Cronin, R N , and 
Gladys E Post, R N , for assistance with the patients , Edith McMillan, BA, B Sc , for 
assistance with the diets and Dr John Scudder for technical studies 
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EXCISION OF THE AXILLARY VEIN IN THE RADICAL 
OPERATION FOR CARCINOMA OF THE BREAST* 

Harold Neuhof, M D 
New York, N Y 

This communication piesents an aigumeni m favor of the excision of 
the axillaiy vein dui mg so-called radical breast opeiations when involved 
lymph nodes lie in close 01 immediate pioximity to the vein The question 
of indications foi or conti amdications to ladical mastectomy foi carcinoma 
will not be consideied, the piesent discussion being concerned solely with 
the management of the axillary vein when the ladical operation is contem- 
plated It is quite geneially agieed that in the effort to remove the fat and 
the lymph nodes completely during the customaiy dissection of the axilla, the 
axillaiy vein must be moie 01 less baied and stupped clean The closei the 
involved nodes he to the axillaiy vein, the greater is the necessity of exten- 
sively fieemg the vein The lattei has been injured occasionally during this 
dissection and, accoiding to case reports, has been ligated without untoward 
effect undei such circumstances On the other hand, no repoits have been 
found which dealt with dehbeiate excision of the axillaiy vein in ordei to 
achieve a moie thoiough block lemoval of the axillaiy contents 

The aigument in favoi of excision of the axillary vein in selected cases 
is simple and can be stated briefly Although extirpation of every cancerous 
nest by means of a caieful axillary dissection is not to be anticipated, an effort 
is always made to eftect a complete lemoval of the axillaiy contents When 
there is minimal axillaiy lymph node involvement 01 when the invaded lymph 
nodes aie not situated neai the vein, the standard dissection may meet all 
requirements On the othei hand, one expenences a sense of inadequacy 
during such dissections when involved nodes are close to or he upon the vein 
The likelihood or possibility of leaving on the vein small, perhaps microscopic 
fiagments of cancerous tissue is great Fuithermoie, cancel cells within 
or cancel ous involvement of lymph channels repiesent part of the picture of 
cancel ous invasion of the axilla When the lymphatic network, which has a 
well-known tendency to encircle the axillaiy vein, is involved in immediate 
proximity to the vein (which is veiy likely to be the case when cancerous lymph 
nodes are situated close to the vein), lemoval of such lymphatic tissue by any 
piocedure other than by removal of the axillary vem appears improbable It 
may be aigued that, under the foiegoing cn cumstances, a radical operation 
is futile and the addition of a moi e radical procedui e, purposeless This view 
may be correct in one case, and false in another, for there is no way at the 
piesent time to piognosticate the ultimate outcome of an operation in any 

* Read before the New York Surgical Society, December 8, 1937 Submitted for 
publication November 14, 1937 
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given case when involved nodes aie situated neai the axillary vein There- 
foie, as long as the possibility of eiadication exists, the objective should be 
the widest possible block lemoval of visibly invaded tissue That purpose is 
not achieved if involved nodes in close proximity to the axillary vein (with 
or without involved intei communicating lymphatics) are dissected from the 
vein, no mattei how cleanly the latter may be stripped by a painstaking tech- 
nic In oi dei to attempt to achieve complete lemoval, the objective is moie 
nearly appioached by lemoval of the vein together with the involved nodes 
and axillaiy fat in one block Thus it appears quite as logical to excise the 
axillaiy vein in the block removal of cancel ous axillaiy lymph nodes, as to 
excise, in the generally practiced mannei, the internal jugular vein in the 
block removal of cancel ous cervical lymph nodes 

The deteiient factor in a consideration of excision of the axillaiy vein un- 
questionably is the feai of intei ference with the cn dilation which might ensue 
The belief that obstiuction of the main venous tiunk of an extremity leads 
to edema is based piesumably on the presence of edema in cases of thrombo- 
phlebitis m an upper or lower extremity Little thought appears to have 
been given to the fact that penvenous lymphangitis usually exists in cases of 
thrombophlebitis Fuitheimoie, theie can be no doubt that lymphatic block- 
ade produces edema of an extremity In any event, the idea that the obsti uc- 
tion of a vein inevitably results in edema is incori ect The writer has shown 
and reported 1 2 3 cases of excision of the axillary, femoral, and iliac veins (for 
suppurative thiombophlebitis), and has demonstiated that edema of the upper 
oi lower limb respectively did not exist befoie opeiation and did not occur 
after opeiation 

Despite a logical basis for excision of the axillary vein, it was a far cry 
from a patient despeiately ill from a suppurative phlebitis and septicemia, to 
one with caicinoma of the bieast who might not only not be helped but pos- 
sibly be haimed by such a piocedure For this leason removal of the axillary 
vein as part of block removal of the axillaiy contents was performed in the 
beginning solely in instances of extensive axillary node involvement When 
excision of the vein pioved harmless in these earlier cases, the procedure was 
extended to cases of less extensive penvenous lymph node involvement and 
to cases m which the nodes did not lie m immediate pioxinuty to the vein 

A brief description of the technic of excision of the axillaiy vein m the 
block removal of the axillary contents is sufficient, as no unusual operative 
procedures have been employed Nothing is added to the risks of the radical 
operation , indeed, the dissection of the axilla is aided and simplified As soon 
as the axilla is entered, the relationship of involved nodes (if any) to the 
axillary vein is ascertained If excision of the axillary vein is decided upon, 
it is exposed at the apex of the axilla and severed between ligatures , it is 
again severed m its third portion, m the same manner, at the lateral limit of 
the axilla The usual dissection of the axillary contents, after severance of 
the axillary vein, is simplified, naturally, by the elimination of the dissection 
required for the removal of nodes about the vein As a result, the duration 
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of operation is materially shortened The existence of a double axillary vein 
may he recognized only after the more superficial vessel has been divided and 
freed 

S'pecial histologic studies of the lemoved vein and adjacent tissues have 
not been cairied out They might have proved conclusively the advantages 
which I have claimed foi the procedure m question Of course, the pathologic 
matenal available from the small number of cases in which excision of the 
vein has been piacticed might also have failed to supply conclusive evidence 
There was, however, a significant finding in one specimen lemoved at opera- 
tion Immediately adjacent to the vein was a lymph node which was so 
minute that it could be seen macioscopically, as a speck, only in the stained 
section It is intei esting to note that microscopically part of this node was 
found to be invaded by cancel and pait was unmvolved Whether this node, 
not visible m the operative field or in the gross specimen, would or would 
not have been removed by the standard dissection about the axillary vein 
cannot be stated definitely One may assume that theie was an equal chance 
that it would have been left behind, paiticularly because of its intimate rela- 
tionship to the axillary vein 

Concerning the question of improvement in end-iesults by the addition of 
excision of the axillary vein to the customary radical operation, any statement 
made at this time would be entnely valueless, because the piocedure has been 
employed only in n cases A definite statement can, however, be made con- 
cerning the question of edema following opeiation Some edema of the upper 
arm followed the operation m two instances, and theie was fluctuating edema 
of the hand m two other cases This represents, peihaps, the incidence of 
edema following the radical operation when the axillary vein is not excised 
However, exact figures are of no moment for we are not concerned with statis- 
tics The essential innocuousness of 1 emoval of the axillary vein is established 
even by the small number of cases m which it has been undertaken As stated 
at the outset the purpose of this communication was to set forth an argument 
m favor of excision of the axillary vein when cancerous lymph nodes he in 
close or immediate proximity to the vein The argument appears logical 
and to that extent wariants the belief that improvement m the end-results 
might come to pass if the proposed step were added, m selected cases, to 
the standard dissection of the axilla in the radical opeiation for cancer of the 
breast 
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Discussion — Dr Emil Goetsch (Brooklyn, N Y ), apropos of the 
question of the edema of the arm, following ladical lesection of the breast, 
lecalled Doctor Halsted speaking of the causes which he thought influenced 
this condition He paid pai ticular attention to the wound healing following 
ladical resection and found, after a study of a consideiable series of cases, 
that in instances m which the wound healed without discharge of serum or 
seropuiulent secretion, indicating a mild infection, edema of the aim did not 
follow, even in instances m which the axillaiy vein was involved 01 possibly 
ligated In those cases m which there was even the mildest infection, indicated 
by the dischaige of a cloudy seium, edema of the aim uas likely to follow 
He came to the definite conclusion that the edema was not due to any par- 
ticulai piocedure involving the axillaiy vein but lathei to the occlusion by 
fibrosis of the lymphatics lemammg aftei the resection This fibiosis is pri- 
mal fly the lesult of infection and because of it the possibility of subsequent 
improvement m the edema is 1 emote Accoidmgly, Doctoi Halsted felt that 
the condition of the axillaiy vein is not the detei mining factor in the case with 
edema 

Dr John E Jennings (Biooklyn, NY) leported his experience with 
legal d to the procedure undei discussion, stating that he had accidentally 
ligated the vein, probably half a dozen times, with resection of the vein in 
small segments, as pait of the attempt to lemove all the axillary contents 
Only recently, however, had he with “malice,” as Doctoi Neuhof described 
it, removed the vein in veiy much the way that has been described Doctoi 
Jennings has done this m six cases within the last three yeais, two of whom 
died piomptly within tluee 01 foui days after opeiation In one an autopsy 
was obtained and a clot was found in the subclavian vein, with the rest of the 
clot, or a consideiable portion of it, in the pulmonary aitery In the other 
case, which was considerably more difficult to do, death occuried in about 
the same way but no autopsy was obtained Doctor Jennings felt there is a 
limited field for this pioceduie The exposure of the axilla is better, and its 
apex can be better cleaied of the fascia There are ceitam cases where it 
is almost necessaiy to do this if one is to accomplish a complete removal of 
the lymphatics of the axilla after intensive radiation If one is going to im- 
pose radical surgery upon ladical ladiation one will often find it exceedingly 
difficult to clear the vein, a complete evidement is only possible by its lesec- 
tion Eventually the limits of surgery in dealing with cancer of the breast 
will be found, but a woid of caution is not amiss it is possible to go too far 

Dr George H Semken (New York) The studies of Floience Sabin, 
Huntington and McClure, and von Schulte have shown the close genetic rela- 
tionship of the lymphatics and the veins Sabin showed that the jugulai 
lymph sacs, for example, were formed by the coalescence of small veins at 
the venous confluence in the neck, which weie first emptied of their contained 
blood, and later, after coalescence, again joined the subclavian 01 internal 
jugular veins or both From these sacs, a centrifugal development of lymph 
vessels then occurred Eventually, the sacs became groups of lymph nodes 
The other observeis demonstrated the existence of pnmoidia in vanous areas 
of the mesenchyme, from which angioblasts were developed, which became 
blood vessels and lymph vessels lespectively, and developed centripetally It 
is almost axiomatic that the lymphatic trunk vessels tend to accompany the 
veins of the respective legions 

In the relationship of the lymphatics of the breast to the axillary vein — 
the axillaiy vein is not properly compaiable to the internal jugular vein In 
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the neck (excluding the supeificial chain of lymphlatics), the submental and 
submaxillaiy lymph nodes, which form the first line of defense for their re- 
spective drainage aieas, aie alone distant from the internal jugulai vein The 
carotid packet of the deep chain, next to these m the lymph stream, is, how- 
evei , immediately 1 egional to the tongue, fauces and pharynx, epipharynx and 
the larynx These nodes he dnectly at and upon the internal jugular vein, 
and from this point downward, the successive nodes m this lymph stream are 
closely related to the vein Many of these nodes have efferents directly into 
the vein Earl)'- fixation of invaded lymph nodes to the vein is, therefore, fre- 
quently found m the neck In the axilla, however, the relations of the mam- 
mal y lymphatic vessels and node gioups to the axillaiy vein aie different The 
lymph nodes immediately regional to the breast are the anterior thoracic (or 
pectoral) group In these nodes, cancel may remain localized for some time 
Next m line are the nodes of the central gioup From these, the further 
course is an arc to the axillaiy vein and then paralleling it to the mfra- 
claviculai node gioup at the clavicle, to end in the subclavian trunks Fixa- 
tion of the nodes to the axillary vein is, therefore, lelatively long delayed 
This anatomic lelationship has been cleaily demonsti ated by Oelsner, Mor- 
nard, Pomei, and Most, who injected the bi easts of cadaveis, mainly of newly 
born infants The summanzed findings aie well shown in the chait of Poirier 
(lepioduced m Giay’s Anatomy) 

In the usual type-case of mammaiy cancer that is considered opeiable, even 
m the piesence of fan ly advanced pi unary tumors and palpable axillary lymph- 
nodes, it has not been a fiequent expenence to find cancerous lymph nodes 
fixed to the axillary vein There does not seem to be any compelling reason, 
therefoie, to lesect the axillaiy vein routinely in eveiy case Rather, this re- 
section, paitial and not complete, should be leseived for the cases m which 
there is actual 01 imminent fixation of the lymph nodes 

The excision of the vein has disadvantages and danger The obstruction 
to the venous return is not sufficient to cause much edema, but it delays the 
early restoiation of function in the aim The danger lies m the possibility 
of a fatal pulmonaiy embolism Embolism is favoied by the formation of a 
large clot in a long, dead pocket in the vein, and a 1 esultant ascending tin om- 
bosis , and this is the pi obable status when the vein segment is excised at the 
first site of lymph node fixation, in the aiea of the thoraco-acromial vessels, 
because of the ligation and section of the upper axillary tnbutanes in the 
radical breast opeiation This dangei is lessened if the upper hgatuie is 
placed near the enhance of the small tnbutaiy veins at the clavicle, which 
will leave no noteworthy pocket m which the blood can become stagnant and 
be clotted It is desnable, also, to avoid an undue mflammatoiy leaction 
about the ligated vein The vein is, therefore, skeletonized, to minimize the 
amount of resultant dead tissue m the ligated stump , and a double strand of 
No ooo chromic catgut is employed foi the ligation, instead of a heavy or 
nonabsorbable ligature 

When the fixation of cancerous lymph nodes to the axillary vein has ne- 
cessitated the excision of the 1 elated segment of the vein, the microscopic exam- 
ination of this issue has usually shown that the fixation has been limited to 
the sheath, without invasion of the vein wall , and this has been the charac- 
tenstic finding, also, in the secondaiy operations upon cases lecurrent after 
pieviously incomplete operations Evidently then, it is the vein sheath and 
not the vein that is the site of potential cancel involvement , and this finding 
seems to make it imperative to remove the accessible parts of the sheath of 
the axillaiy and basilic veins with the mobilized tissues, routinely m all pri- 
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maiy, radical operations This dissection will include a large part of the deep 
layer of the sheath, where small lymph nodes may lie 

The primary need in the radical hi east opeiation is the complete under- 
standing of the paths of cancer extension, a comprehensive and well oidered 
plan of operation, and a painstaking anatomic dissection This should empha- 
size the wide removal of the km of the breast, especially in the neighborhood 
of the tumor , an incision adequate to affoi d full exposure of each part of the 
proposed field of operation, tlnn flaps, the complete lemoval of the pecloralis 
major and minor muscles, the special caie to cleai the antenor intercostal 
spaces, the pi ease and methodical clearing of the axillaiy and subscapular 
spaces , and the complete removal of the areolar tissue over the floor Par- 
ticularly impoitant is the need of caie during the operation, to avoid any 
piessuie upon the tumor and the related tissues, which might loosen cancer 
plugs and give rise to distant metastases 
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In 1922, the writer, 1 in association with Doctor Peck, and again, per- 
sonally, 2 111 1927, published articles upon the results of operation on cancer 
of the breast in which the surgical procedures employed differed from the 
classic operations of Halsted 3 and Meyer, 4 m that the pectoiahs minor was 
not lemoved, the amount of excised skin was less, and skin grafting rarely 
employed Towaid the latter pait of the second period 2 subcutaneous dis- 
section, as advocated by Sampson Handley, 5 was moie frequently employed 
Although our percentage of five-year postopei ative freedom from lecurrence 
was comparable to that lepoited fiom othei clinics, we were subjected to 
unfavorable criticism on the ground that a pioper dissection of the axilla 
could not be made if the pectoiahs minor was allowed to remain in place, 
and secondly, that our reported local recunence of 36 per cent was due to 
the fact that not enough skm had been excised, notwithstanding the employ- 
ment of the Handley modification The first cnticism was considered valid 
and subsequently the pectorahs minor was lemoved with the other tissues 
en masse, in many instances It will be noted later that the former procedure 
has still been employed 111 many of the cases It has been felt, however, that 
with the Handley modification, sufficient skin surrounding the tumor could 
be removed and still permit closure in all cases except those with small 
breasts or large tumors 

Surgeons are accustomed to judge the adequacy of their operative pro- 
cedure by the cure of the disease locally A recurrence 111 the operative field 
has usually been considered a reflection upon the operator Lewis and 
Rienhoff, 6 in March, 1932, reported a study of the lesults of the radical 
Halsted operation with immediate Thiersch skm graft In Table XXIX 
they give complete data on the first site of recurrence in 225 cases Of these, 
79 > or 35 P er cent, developed a local recurrence When the technic was 
varied, only to the extent of removing less skm to allow plastic closure of the 
wound, there was a local recurrence in 36 out of 77 cases, or 46 7 per cent 

In this series, we have complete data on 119 patients followed for five 
years, relative to the first site of recurience Of this gioup, 46, or 38 per 
cent, had local recurrence We noted, as of special interest, that the re- 
currence in the axillary region was confined to the cases in which the pec- 
torahs minor had been left in place Adverse criticism, in a measure, is 

* Read before the New York Surgical Society, January 13, 1937 Submitted for pub- 
lication May 12, 1937 
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TABLr I 

ANALYSIS Or POSTOPERATIVE RESULTS IN 22/ CASES Or 
CARCINOMA Or THE BREAST 

January I, 1922 — December 31, 1931 


Radical operations 227 

Operative deaths 5 

Dead mtercurrent disease 7 

Dead of cancer within five years 123 

Alive over five years with recurrence 8 

Alive over five years and well 55 

Lost (not followed five years)* 29 


* Many of the cases lost were favorable cases without metastases, and some had known 
four-year freedom from recurrence So that in arriving at a percentage of five-year 
“cures," the cases lost, and those who died of intercurrent disease have been eliminated 
We would then have 55 out of 191 cases, or 27 per cent, alive and well at the end of five 
years 

probably justifiable if a local recurrence appeals Observation, however, on 
many cases has convinced the wi iter that the 1 ecui 1 ences in the intercostal 
spaces neat the sternum aie the result of letiograde giowth fiom internal 
mammary nodes that weie alieady involved at the time of the opeiation It 
is also thought that even with the most meticulous and thoiough surgery, the 
incidence of local lecunence without 1 oentgenotherapy will remain aiound 
30 per cent It has been obseived that the cancel is laiely confined to the 
area of the opeiative field in instances in which a local lecuirence occurs 
Indeed, it is not uncommon to find coincident legional 01 distant metastases 


T\ble II 

SITES or riRST RECURRENCE IN 119 INSTANCES 


Local 46 

Other breast 7 

Supraclavicular 6 

Chest 27 

Abdomen 14 

Osseous iq 


119 


Since 1921, the use of high voltage theiapy in the treatment of carcinoma 
of the breast has received mci easing consideiation There aie some roent- 
genologists who aie satisfied to rely on 1 oentgenotherapy alone At the 
other extreme, theie are suigeons who feel that theie is no benefit to be 
derived from roentgenothei apy The Halsted type of operation had become 
well established before roentgenotherapy came into vogue, so that we may 
use the leports from such operations as cntena Neveitheless, one must 
bear in mind the vanation in the couise and chaiactei of diffeient breast 
cancels Many with no treatment live for yeais, many with inadequate 
operation in oui gioup have lived long with no recurrence On the other 

22 



Volume 10S POSTOPERATIVE IRRADIATION IN BREAST CANCER 

Number 1 

hand, many cases that looked favoiable have died within a few months In 
this type no form of treatment seemed to be of value 

Table III 

ANALYSIS OF FIVE-YEAR RESULTS IN THREE CLINICAL TYPES OF 1 86 
CARCINOMATA OF THE BREAST 

(A) No Metastases (Axillary) 


Roentgen Ray 

No Roentgen Ray 



R * 

PM f 

R 

PM 



8 

7 

1 

7 

Dead 

23 

13 

15 

3 

10 

OK 

4i 

5 

0 

0 

1 

Recurrence active 

6 

26 

22 

4 

18 


70 

(B) Metastases Not Palpable (Axillary) 



Roentgen Ray 

No Roentgen Raj'- 



R 

PM 

R 

PM 



12 

26 

3 

5 

Dead 

46 

4 

4 

1 

1 

OK 

10 

1 

0 

0 

1 

Recurrence active 

2 

17 

30 

4 

7 


58 

(C) Metastases Palpable (Axillary) 




Roentgen Ray 

No Roentgen Ray 



R 

PM 

R 

PM 



16 

20 

4 

14 

Dead 

54 

2 

2 

0 

0 

OK 

4 

0 

0 

0 

0 

Recurrence active 

0 

18 

22 

4 

14 


58 


Total roentgen-rayed — No metastases 48 = 28 0 K = 58% 

No roentgen-ray — No metastases 22 = 13 OK = 59% 

Total roentgen-rayed — Metastases 87 = 12 O K = 13% 

No roentgen-ray — Metastases 29= 2 OK = 3% 

186 

* R = Radical operation 

T P M = Pectoralis minor allowed to remain with removal of less skm 

Roentgenotherapy alone has been used, so far, on such small gioups of 
cases that no definite final opinion may be expiessed 

Interstitial radium therapy alone has been employed for some years by 
Keynes ‘ ,13 Recently he wrote 13 “I wish to emphasize again the fact that 
intei stitial radium treatment is stnctly comparable with surgical operation, 
m that it is a local form of treatment For this reason no stukmg improve- 
ment m the survival late was to be expected if ladium was to be used as an 
alternative to suigery It is the metastases, and not the primal y disease, that 
usually cause the death of the patient, and foi that leason I never shared 
the exaggerated hopes that were one time placed b}^ some people m the futuie 
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of radium ” He has published 13 a five-year leport on 201 cases When the 
disease was confined to the breast, clinically, 71 4 per cent (of 75 cases) 
were alive at the end of five yeais When the disease was confined to the 
breast and axilla, 29 3 per cent (of 66 cases) weie alive at the end of five years 
When the disease was advanced 01 inoperable, 23 6 pei cent (of 60 cases) 
weie alive at the end of five yeais These lesults compaie favoiably with 
results leported when surgeiy alone has been employed Keynes has not been 
completely satisfied with his lesults, for of late he has added a simple mastec- 
tomy to the proceduie He has set down the following rules (1) Local 
removal of the tumoi if it is large, or the diagnosis is unceitam, followed 
by radium (2) Local removal of the bieast if the tumoi is very bulky, 
followed by ladium (3) Nevei dissect the axilla (4) Radium by itself 
may be used, (a) if the tumor is of moderate size and the diagnosis certain, 
(b) if the patient refuses operation Om experience with these two methods 
is so limited that we may not expiess an opinion 

Irradiation before operation has long been advocated but slowly adopted 
Its proponents believe that it will reduce the size of the giowth, attenuate or 
loll the scattered cancer cells that may lie in the periphery, and seal off the 
lymphatics Thus the operation will become less dangeious in that there is 
less chance of traumatic emboli with metastasis, or implantation of cancer cells 
m the wound If such irradiation is given thoioughly and sufficiently, several 
weeks to months will be used up 111 older (a) To obtain piopei effect, and 
(b) to allow damaged skin to recover It is also said to interfere with wound 
repair Only a few of om cases have had preoperative roentgenotherapy, and 
in these wound repair was satisfactory 

Postoperative irradiation has a more enthusiastic following Many believe 
that the average duration of life has been lengthened Heimet, 8 of the Curie 
Institute in Paris, m a recent article concludes “We are obliged to state that 
the question of radiotheiapy m cancer of the breast is still long distant from 
having reached the state comparable to that of radiotherapy of other neoplastic 
localization The competition between suigeiy alone, lachation alone, 01 then 
combination remains open Much work is still necessaiy before arrival at 
definite opinions But we know already that madiation in a considerable 
number of cases has increased the piognosis of life ” 

Westermark, 9 m I 93 °> leported a senes of cases tieated 111 1921— 1923 at 
the Radiumhemmet After operation, a series of treatments were given to 
the operative field and the legional nodes including the internal mammal y 
For the operative field he used a soft filter of 4 Mm , A 1 at 50 cm distance 
In the axilla he used o 5 Mm Cu plus 1 Mm A 1 at 40 cm distance, each 
dose Y to S E D A total of 10 to 14 treatments were given m two to 
three weeks Seventy-five cases were tieated by this method The surgery 
had been pei formed by 19 different surgeons Thirty-seven per cent were 
alive and free fiorn recurience at the end of five yeais Twenty-five per cent 
of the 75 had local recurrences Foity-five patients had preopeiative roent- 
genotherapy m addition The preoperative therapy consisted of two tangential 
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treatments to the tumor with a filter of o 5 Mm Cu and 1 Mm A 1 giving 
1/3 S E D If axillaiy nodes weie palpable tieatment was also given to them 
Of the 45 thus treated 50 per cent wei e alive and free from 1 ecurrence at the 
end of five yeais, while eight, or 17 per cent, had local recurrences He con- 
cludes “It will be clear, theiefore, that a five yeais healing result occurs at a 
lughei late and that the lecuirences aie less frequent aftei a combined suigical 
and ladiologic treatment than aftei suigical ti eatment only This improvement 
m results is vei y much 111 evidence aftei the pi e- and postopei ative 1 adiologic 
ti eatment ” 

Wintz, 10 m 1931, has repoited on the employment of 1 oentgenotherapy 
alone He had 76 pei cent five-year cures 111 25 cases of Stemthal Gioup I, 
and 46 5 per cent five-yeai cuies in 22 cases of Stemthal Group II Anschutz 
and Siemens, 11 111 1933, lepoited equally good results with or without post- 
operative 11 radiation m a small senes (21) of Stemthal Group I cases But 
111 the Stemthal Gioup II, they found, 111 a laige group of cases (292), that 
postopei ative lnadiation mci eased their five-yeai period of freedom from 
known lecunence 196 per cent 

Webster, 12 in 1936, obseives that “The tissue dose which has been 
advised 111 the treatment of mammary cancel has varied from 700 to 8,000 R 
The upper limit of tissue dose advised foi bi east cancer has been that of Lee 
and Pack who advanced the view 111 1931 that 12 01 13 eiythema doses may 
be advisable Their eiythema was a minimal 01 threshold eiythema, and then- 
dose was obtained by a combined loentgen and mteistitial radium technique ” 
Webster uses 2,000 to 4,000 R foi simple fi actional 1 oentgenothei apy He 
treated 182 cases, three-foui ths of whom belonged to the Stemthal Group II, 
the opeiations having been peifoimed by many dififeient surgeons, with the 
inevitable vanation 111 suigical technic With postopei ative madiation he 
had 42 per cent alive and fiee fiom recun ence at the end of five years 

Sufficient reference has been ofTeied to indicate that conservative roentgen- 
ologists have had sufficient expenence to confiim their belief m the benefit of 
postoperative irradiation It must be borne 111 nnnd that these reports, of 
necessity, are based upon the roentgenotherapy of vanous penods up to 1930 
One must also remember that the present attitude of the roentgenologist is 
that the therapy of that penod is aichaic We are told that the present treatment 
of three to four weeks of fractional doses with a summation of 7,000 to 
8,000 R is the only piopei method To a surgeon, it seems to indicate a lack 
of faith on the part of the 1 oentgenologists in the lesults that were obtained 
five or six years ago Yet, at that time they were most enthusiastic It had 
one unfortunate effect upon many surgeons It made them content with 
inadequate surgery They felt that lnadiation would prevent any further 
trouble 

At present, irradiation is given at the most, to the bieast area, and the 
regional nodes A few also irradiate the mediastinum But even if the con- 
clusions of the most enthusiastic roentgenologists are accepted and tieatment 
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is instituted both befoie and aftei suigery, 01 confined solely to madiation, 
what aie we to do legardmg the tieatment of cancel that appears elsewhere 
It will be noted in Table II that the fiist site of lecuirence was lecorded in 
1 19 cases of our senes In ovei one-half, the lecurrence was noted outside of 
the field of irradiation Shall we suggest m the futuie that more fields be 
in adiated, to include the lungs, the othei breast, the vei tebi ae and pelvis, the 
abdomen ? Such a couise presents many senous difficulties Is it possible or 
feasible ? Or should we rest content with local suigery and roentgenotherapy ? 

Table IV 

COMPARISON or TWO ROOSEVELT HOSPITAL REPORTS 
Five-Year Results 

1927 °- W37 


No operated upon and foliowed-up 

157 

191 

Operative deaths 

5 

5 

Alive and well 

58 ( 36 %) 

55 ( 27 %) 

No without axillary metastases 

55 

70 

Alive and well 

39 (70%) 

41 (58%) 

No with axillary metastases 

97 

116 

Alive and well 

19 ( 19 %) 

14(12%) 

No with known site of recurrence 

88 

119 

Local recurrence 

32 ( 36 %) 

46 (39%) 

Cases not followed five years 

56 

29 


I11 the senes herewith repoited, 1 oentgenothei apy was given after opera- 
tion The treatment, up to 1930, was based upon the skin leaction and was 
usually given m massive doses m one 01 two ti eatments to a poi tal and lasted 
for 30 minutes to an hour A 200 kilovolt machine was used, with 5 M A , at 
a distance of 50 cm and a filter of 50 Mm Cu , and I Mm A 1 The skm 
reaction was a seveie eiythema This treatment was lepeated m two months 
and again m six months In a small percentage this i\as not completed for 
various reasons 


CONCLUSIONS 

We believe that the Halsted type of opeiation is indicated, except in the 
matter of skin removal We have been content to lemove a minimum width 
of five inches of skm m eaily cases with small tumois, to be followed by the 
wide subcutaneous dissection as advocated by Sampson Handley Except 111 
small bi easts, we aie usually able to effect a plastic closure of the skill When 
the tumor is large, more skm must be lemoved followed by immediate 
Thiersch skin giaft Our percentage of local lecurrence is high, but no 
higher than those given in the repoits fiom Johns Hopkins Hospital, wheie 
the typical Halsted opeiation is perfoimed 

In 50 cases with known sites of lecunence, m which the Halsted-Handley 
operation had been performed, there were no axillary recuriences In 69 cases 
with known sites of recurrence, in which the pectoialis mmoi was allowed to 
remain, theie were six local, axillary lecurrences 
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Suigeiy gives a five-year piognosis of freedom fiom recurrence, that 
vanes with the age of the patient, the type of cancer, and the stage of the 
disease 

In our cases without axillaiy metastases, roentgenothei apy has not m- 
ci eased the piognosis of five-yeai fieedom fiom lecurrence, although it has 
given to a small percentage the oppoi tunity to live longer 

In oui cases with axillary metastases, roentgenothei apy has unquestion- 
ably given a io per cent mciease in the piognosis of five-year freedom from 
disease 

It is true that this lepoit is a disappointment to us, m that our percentage 
lesults aie not as good as those leported by the wnter 2 m 1927 We had hoped 
to show impiovement with the added loutme use of the roentgenotherapy 
then 111 vogue Out only possible explanation may be that our pathologic, 
diagnostic ability is better, and that our cases aie more carefully studied and 
followed up 

In the hope of improvement, dm mg the past three years, we have changed 
0111 method to the fi actional dose tieatment With this impioved method, it is 
hoped that the incidence of local lecuirence may be reduced, and their appear- 
ance delayed Still a leal pioblem is that of regional and distant metastases 
that are present at the time of opeiation, although umecogmzed An encour- 
aging appioach to this has been made 111 the stei llization of the patient I am 
inclined to doubt the advisability of ti eating other endocrine glands 
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Discussion Dr Hugh Auciiincloss (New Yoik) said that he chd not 
wish to discuss statistics in these cases as they aie usually compiled When 
he first began studying cancer of the hi east he was convinced that statistics 
would tell the stoiy Indeed they might, if the many variants, qualitative and 
quantitative, of the individual cases could be taken into account After 25 
yeais, it has become peifectly clear that this has not been done and that with 
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Tig 1 — Diagram to show the lymphatic drainage posteriori} along 
the intercostal lymph trunks to the posterior intercostal nodes and 
anteriorly, to the anterior mediastinum where the prepericardial nodes 
near the internal mammarj vessels are situated The posterior inter 
costal l>mphatics are situated in the so called ‘az>gos loute tf The 
anterior mediastinal lymphatics are situated in the subpleural tissues and 
along the internal mammary -vessels phrenic nerve, diaphragm, liver 
and round ligament (This drawing is a modification of Fig 10 p 2 1, 
from “Cancer of the Breast Clinicall} Considered by Cecil H Leaf, 
one of the most thoughtful treatises on cancer of the breast that has 
ever been published ) 

our present knowledge it is quite impossible A few of the conclusions drawn 
fi 0111 them are truths that have been known for many years Most of the rest 
of them aie false 

He wished to make it quite clear that he believed he had seen benefits 
derived from lriadiation of breast cancer, but also should like to make it 
clear that, m spite of these benefits, he had never seen a case proven rid of 
the disease by the employment of roentgenotherapy alone 
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Experienced clinical obseiveis vary widely m their descnptions of the same 
case Often one 01 two miscioscopic sections, following radiation, have been 
taken fiom a place that had been considered typical, yet no cancel was found 
If many sections aie made fiom the sm rounding aieas, however, cancer has 
always been discoveied, 01 the clinical couise has demonstrated that it had 
not been ei adicated 

Hope still exists that madiation may be made moie effective than it is 
to-day, not only in collaboration with surgery, but that it may even replace 
suigeiy It ceitamly has not done so as yet, and those who assume that it has, 
may cause women to lose then lives unnecessaiily 



We must not talk about “axillaiy node involvement” or "unmvolvement” 
based upon a clinical examination alone It is a suie sign of ignorance, if we 
do Very large, hard, and even visible masses of nodes have been called 
metastases, when they were not, and nodes containing cancer have often been 
overlooked on the physical examination There is definite proof of this m 
our records 

One subject has been touched upon that is rather close to our minds and 
hearts m the study of this disease Are we lriadiatmg breast cases intelli- 
gently ? Are we madiating the tissues that should be irradiated ? After all, 
do we know what tissues to in adiate, for if we do not, what is the use of irra- 
diating at all •* If we radiate the bieast tumor, or the axilla, we are radiating 
tissues that, surgically, it has been pietty well demonstrated can be removed 
successfully He could think, perhaps, of only one 01 two cases of "persistences” 
in the subclavian, axillary and brachial nodes in all the cases that he had per- 
sonally followed Occasionally, particularly m advanced cases, there may be 
a metastasis in the skin m the neighborhood of the excision But even this 
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tissues capable of being lemoved by operation If radiation is to be of value 
m the treatment of breast cancer, it should be especially directed to those 
tissues incapable of being lemoved by operation These tissues serve as sec- 
ondaiy distnbutmg foci 

Most radiation at the pi esent time, indeed practically all of it, is being given 
to the tissues capable of being removed at opeiation It is perfectly true that 
m doing this certain conducting paths to these quasi “secondaiy distributing 
foci” may be ladiated This may be of help, but, if the other secondary dis- 
tributing foci themselves are not radiated, this effort can be of but little more 
than tempoiaiy value The important featuie of the whole subject, therefore, 
is to undei stand wheie these so-called “secondaiy distributing foci” exist, so 
that intelligent ladiation may be directed toward them 

The local, so-called lecuuences, but bettei “persistences,” of the disease 
are often thought to be skm peisistences when they are not They are more 
likely to be peisistences of the disease in the intercostal tissues of the anterior 
01 latei al chest wall 

Emphasis has been laid for many yeais upon the extensions to the so-called 
supraclaviculai lymph nodes It is tiue that extensions to the lymphatics 
above the clavicle occm As a matter of fact, however, these extensions 
constitute only a pait, and, indeed, rather a lesser pait of those extensions 
that actually cause the death of the patient The routes along which the 
disease more often spreads aie To the pleuia, anterior mediastinum, vertebral 
column, livei, pelvic bones, and to the upper poitions of the femora, in dra- 
matic conti ast to the extiaoidinanly raie distribution to the lower arms, legs, 
hands and feet They are not generally undei stood The observations of 
Sampson Handley and, in particulai, those of Cecil H Leaf, published after 
his death by Cecil Rowntree m 1912, have been noteworthy contributions on 
this subject The accompanying diagrams are offeied in the hope that they 
will present an explanation of the fascial planes that determine, and include, 
the lymphatic routes along which this disease pieeminently spreads to these, 
above mentioned, tissues 

Extension along the channels indicated in the illustrations presupposes the 
undei standing of dissemination of disease by so-called “circuitous” and 
“retiograde” routes, now generally recognized and accepted by pathologists 

It is hoped that these diagiams may aid m determining more reasonable 
and logical aieas for helpful ladiation m hi east cancer 
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The piesent study compnses an analysis of 520 cases of peptic ulcer seen 
at the Piesbyteiian Hospital, New Yoik In each instance the lesion was 
seen 01 the diagnosis confiimed by the suigeon 01 the pathologist Such a 
gioup of so-called “pi oven ulccis” was examined in detail in order, insofar 
as possible, to con elate the clinical, pathologic and 1 oentgenologic findings, 
and to compaie these with the ohscivations of other investigators 

It was about a centuiy ago that Ciuvelhiei (Bet an 10 ) fiist distinguished 
gastnc ulcei from caicmoma, and a few years later Quincke (Bevan 10 ) named 
the condition “peptic ulcei ” Since then an enormous hteiature has accumu- 
lated, attesting to the mtei est in the subject Many of the statistics are, how- 
ever, at variance, due at least in pait to the vatiely of souices cliawn upon 
foi infoimation Thus the pathologist, the roentgenologist, the surgeon and 
the internist have each appioached the subject fiom a diffeient aspect, often 
with very little agreement 111 then lesults (Albrecht” and Boyd 21 ) Variations 
may be noted fiom time to tune and fiom place to place, and m the light of 
moie recent knowledge some textbook statistics are subject to question Rob- 
inson, 125 111 an intei estmg review, has pointed out many of these discrepancies 
Etiology — It is not within the scope of this papei to discuss in detail the 
many theories advanced to explain the occunence and chromcity of peptic 
ulcei s With the exact etiology unknown, certain factors which probably in- 
fluence the development of such lesions aie suggested in the hypotheses offered 
It is quite geneially felt that the destiuctive action of the gastric juice brings 
about a condition which is unique 111 its chi onicity, as well as in its localization 
m a mucosa which is bathed by such secietions To this latter fact the pres- 
ence of peptic ulcei s in the esophagus, Meckel’s diveiticulum and at the site 
of a gastro-entei ostomy is offered as evidence, inasmuch as ectopic gastric 
mucosa has been fiequently found m these situations when so involved (Lmdau 
and Wulff, 93 and Matthews and Dragstedt 100 ) Gastnc hypei acidity 01 the 
failuie of regui gitation of alkaline duodenal secietions to reduce gastnc acidity 
have been advanced as the pi unary initiating factoi by many, including 
Sippy, 130 Bolton, 20 Boyd, 21 Chace, 28 Deaver and Burden, 10 Dragstedt, 45 Hurst 
and Stewart, 70 Karsner, 82 Maitm and Burdin, 98 Matthews, 99 Mann, 97 Millei, 103 
Morton, 100 Moszkowicz, 107 Osier, 111 Robinson, 120 Someivell and Orr, 139 and 
Rivers 121 

Deficiencies of blood supply and vasculai “accidents” have been discussed 
as etiologic factors by many otheis (Bevan, 10 Eggeis, 40 Wilbur in Euster- 
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man and Balfour, 52 Fuedenwald and Love, 57 Gaither, 59 Hauser, 68 Karsner, 82 
Mayo, 101 Miller, 103 Osier, 111 Payr, 114 Reeves, 118 Robinson, 125 Smithies, 137 
Someivell and Orr 139 Vnchow, 149 and Wilkie 153 ) 

The piesence of ulcers m neivous, so-called dynamic individuals and particu- 
larly in association with periods of stress, fatigue and emotional tension, has 
been descnbed with mci easing frequency in lecent writings In this connec- 
tion Robinson’s 125 aiticle is of mteiest Among the large group who have ex- 
pressed views on this subject aie Bevan, 16 Blahd, ls Brown in Cecil, 27 Chace, 28 
Wilbur m Eusterman and Balfour, 52 Hunt, 74 Hurst and Stewart, 76 Kaiser, 81 
Osier, 111 Rivers, 121 Robinson, 126 Smithies, 137 and Somervell and Orr 139 
Interesting indeed is the possibility of the association of the mental state 
with changes in the gastric vascular bed An imbalance m the vegetative 
nervous system has been considered to be an etiologic factor by Beaver and 
Mann, 13 Cushing, 38 Hartzell, 66 Singer 134 and Von Bergmann, 150 among others 
Some authors concede that tiauma may give rise to peptic ulcers, m cer- 
tain situations, eithei by direct violence to the abdomen, or as might occur with 
ceitam harsh foods or foieign substances in the diet (Robinson, 125 Brown m 
Cecil, 27 Rivers, 121 Blahd, 18 Boyd, 21 Osier, 111 and Somervell and Orr, 139 
Gallagher 60 ) 

Other etiologic factois which have been suggested include focal infections 
(Bevan, 16 Brown in Cecil, 27 Wilbur in Eustennan and Balfour, 52 Hunt, 74 
Meisser, 102 Miller, 103 Osier, 111 and Robinson 125 ), and a local infection such as 
a gastritis or duodenitis (Boyd, 21 Wilbui in Eusterman and Balfour, 52 Kon- 
jetzny, 88 Orator and Metzler, 110 Puhl, 117 Karsner, 82 Osier, 111 Rosenow, 128 
and Smithies 137 ) A diffuse inflammation of the stomach or duodenum has 
been noted to be a fiequent precursor of ulcer by Bevan, 16 Blahd, 18 Smithies, 137 
and Wilbur in Eusterman and Balfour 52 

Alcohol and tobacco have been seriously considered as a cause of ulcera- 
tion, but probably have more to do with the maintenance of the condition 
(Bevan 16 and Hunt 74 ) Somervell and Orr 139 studied a large group of In- 
dian natives and believed a vitamin deficiency to be the inciting agency 
Endocrine disturbances are mentioned by Karsner 82 and Chace 28 Curling, 37 
m 1842, pointed out the association of ulceration of the duodenum with severe 
burns Cushing 38 pointed out the association of peptic ulceration with disease, 
particularly with tumors involving the midbram Diseases of the abdominal 
viscera other than the stomach and duodenum, and particulai ly the gallbladder 
and the appendix, have been thought to have some bearing on the subsequent 
formation of peptic ulcers (Aaron, 1 Braithwaite, 22 Hunt, 74 Osier, 111 Mil- 
ler 103 ) The presence of aberrant Brunner’s glands 111 the gastric mucosa in 
association with ulcer was reported by Coma, 35 who felt that this might be 
an etiologic factor 

In summary, it would seem that peptic ulcers arise m an area of mucosa 
m which the resistance has been lowered by any one or several processes 
This area is bathed by gastric juice, which may well increase the smallest 
injury, and m some manner contribute to the chromcity of the disease 
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Frequency and Distribution — Peptic ulcei patients are apparently increas- 
ing in numbei fiom yeai to year (Boyd, 21 Chace, 28 Hinton, 70 and Wilkie 152 ) 
The general population appaiently suffers fiom this malady m peicentages 
which are quite consistently m the values of 1520 per cent (Brown in 
Cecil, 27 Osier, 111 and Stuidevant and Shapno 110 ) Someivell and Orr, 139 
111 India, estimated the frequency to he much lowei (05 pei cent), indicating 
the variability associated with diffeient places of study Iiuist and Stewart 70 
considered as many as 10 per cent of the population to he sufferers 

In hospital admissions the frequency is in about the same ratio (1 1 1 8 
per cent) (Emeiy and Monroe, 18 Goldman, 01 Lynch 01 ) Table I analyzes 
the 1 atio-incidence among 118,878 admissions to the Presbytenan Hospital, 
New York, in the years 1924-1934, inclusive Of these, 1,829 were for peptic 
ulcer, or about 1 5 pei cent These ulcei admissions weie found to represent 
1,460 patients, suggesting the frequency with which such patients make more 
than one visit for treatment 

Table I 

ANALYSIS or THE INCIDENCE Or FEPTIC ULCER AMONG GENERAL HOSPITAL ADMISSIONS 


(. Presbyterian Hospital, 1924-1934, ivcl ) 


Total hospital admissions 1924-1934, inci 


118,878 


Total admissions for ulcer 1924-1934, inci 


1,829 

1 5 % 

Gastric ulcer 

464 



Duodenal ulcer 

0365 



Total patients admitted for ulcer 1924-1934, mcl 


1 ,460 


Gastric ulcer 

384 



Duodenal ulcer 

1,076 



Total number of autopsies studied 


2,395 


Total cases showing ulcer 


174 

7 2% 

Sex distribution — average for four months (all hospital admissions — 



about 3,600 patients) 




Males 



5 i 5 % 

Females 



48 5 % 

Race distribution — average for four months (all hospital admissions — 



about 3,600 patients) 




White 



88 % 

Black 



11 5 % 

Other 



0 5 % 


In a study of autopsy material the frequency is usually higher Sturdevant 
and Shapiro 110 noted that 2 per cent of 7,700 postmortem examinations re- 
vealed peptic ulcers Cleland, 32 in 1,000 consecutive autopsies, found 18 gas- 
tric and 1 1 duodenal ulcers, 01 a total pei centage of 2 9 Hurst and Stewart 70 
repoit 575 per cent, and Bevan 10 quotes the studies of Hart 111 Berlin who 
discovered some evidence of ulceration 111 10 to 12 per cent of all autopsies 
Robertson and Hargis 121 and Stewart 112 give sinnlai statistics In 1,000 
autopsies Lehmann 92 found 20 2 per cent to have eithei a frank ulcer or a 
scar Table I shows tnat among 2,395 consecutive autopsies studied, 174, 01 
7 2 per cent, showed peptic ulcers 

Fiom other sources an even highei incidence is lepoited For example, 
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a gioup of “dyspeptics” yielded 24 per cent positive cases in a series studied by 
Albiecht 5 Suspected cases studied 1 oentgenologically by Kirklm in Eustei- 
man and Balfour 52 levealed 13 1 per cent to have ulcers, and 111 a group of 
similar cases Percy and Beilm llj found 19 2 pei cent 

Sex Distribution — In all of the repoits studied the piedommance of male 
patients in both the gastric and duodenal ulcer groups is appaient (Boyd, 21 
Moymhan, 109 and Oslei 111 ) In those summaries which group all cases as 
“peptic ulceis,” the latio of males to females varies fiom 11 10 to 4810 
(Blackford and Dwyer, 17 Brown 111 Cecil, 27 DeLano, 41 Eusterman and Bal- 
four, 52 Lynch, 94 Smithies, 138 Stewart 142 and Wilkie 152 ) In gastric ulcer 
patients, most authors find the predominance of men less marked than in the 
duodenal group (Chang, 29 Cleland, 32 Emery and Monroe, 48 Joidan, 79 Lynch, 94 
Percy and Beilin, 115 Roof 127 and Wilkie 152 ) Quite m contrast, howevei, are 
the lepoits of Hinton and Trabek, 09 who found the latio to be 7 7 1 o for 
gastric ulcers, and of Miller, Pendei grass and Andiews, 104 whose ratio m this 
gi oup was 6 6 1 o 

Table II shows the sex distribution and type of ulcers 111 the series, and 
indicates that the ratios of males to females were about the average of the 
above cited reports The ratio for all of the cases is 361, 371 111 the 
gasti ic, and 3 5 1 111 the duodenal cases Little vai lation is noted between 
the medical pathology, suigical pathology and celiotomy cases A four month 
survey of all admissions to the Presbyterian Hospital showed the distribu- 
tion of the sexes to be essentially equal (Table I) 

Racial Distribution — Table II shows the racial distribution m this gioup 
of patients, which when compared with the four month survey of admissions, 
as indicated 111 Table I, would seem to show no racial selectivity Many re- 
poits show a tendency for the white lace to be moie frequently the victim 
of peptic ulcer (DeLario, 41 Lynch 94 and Roof 127 ) Robinson 120 quoted many 
figures fiom different paits of the world to support his conclusion that peptic 
ulcer is “found only among susceptible individuals of the white race ” 

Age Incidence — The age of the patients is analyzed in Table II, with the 
youngest and the oldest in each classification These statistics would seem 
to indicate that gastric ulcer patients were slightly older than those with 
duodenal ulcer (49 5 and 44 years, respectively) This is m accord with the 
conclusions of Blackford and Dwyer, 17 Eusterman and Balfour, 52 Hunt, 74 
Miller, Pendergrass and Andiews, 104 Peicy and Beilin 115 and Roof 127 The 
average age in each type of ulcer corresponds closely to that given as most fre- 
quent by the majority of writers (Blackford and Dwyer, 17 Boyd, 21 Chang, 29 
Cleland, 32 DeLario, 41 Emeiy and Monroe, 48 Eusterman and Balfour, 52 Hinton 
and Trabek, 09 Hunt, 74 Jordan, 79 Lynch, 94 Miller, Pendergrass and Andrews, 104 
Oslei, 111 Peicy and Beilm, 115 Robeitson and Hargis, 124 Roof 127 and 
Smithies 138 ) Peicy and Beilm 115 give 69 as the age of their oldest gastric 
ulcei patient and 15 as that of the youngest Of their duodenal cases, the 
oldest and youngest were 74 and 18, respectively 

Location — In allocating ulcers to the stomach or to the duodenum the 
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marked predominance of the latter site is seen in all but the postmortem senes 
(Table II) A review of the hteiatuie shows the latio of duodenal ulcets 
to gastnc ulceis to vary fiom i i i to 9 5 1 for clinical reports (Albrecht, 3 Bal- 
four, 9 Blackford and Dwyer, 17 DeLario, 41 Hinton and Tiabek, 09 Eggleston, 47 
Emeiy and Monioe, 48 Hinton, 70 Holmes and Schatzki, 73 Hurst and Stewart, 70 
Lynch, 94 Millei, Pendergrass and Andrews, 104 Osier, 111 Percy and Beilm, 115 
Roof, 127 Smithies, 138 Sutherland, 147 Walton 151 and Wilkie 133 ) In the senes 
heiewith leported the latio of duodenal to gastnc ulcers is about 21 In con- 
trast, Boyd 21 states that gastric ulceis are probably moie frequent than duo- 
denal, and several repoits obtained fiom an analysis of pathologic matenal 
would tend to agree (Cleland, 32 Eusteiman and Balfour, 52 Lehmann, 92 Robert- 
son and Hargis, 124 and Sturdevant and Shapno 140 ) However, Stewart, 142 
repoitmg postmortem findings found duodenal to exceed gastric ulcers The 
possibility anses that the inclusion of acute ulceis by the pathologist may be 
an explanation foi this discrepancy In this series such ulceis appeal almost 
exclusively m the autopsied gioup (Table III), and are more frequent in 
the stomach than in the duodenum It may be that some of these are of the 
type of “eiosions” descnbed, among otheis, by Steinberg 141 

Combined ulcers, that is, ulcers 111 both the stomach and duodenum in the 
same patient, were present in 8 per cent of the cases This is higher than 
in the leport by Albrecht, 5 with a frequency of 1 7 per cent, by Emery and 
Monroe 48 with 1 8 per cent, or m those by DeLario 41 and Sturdevant and 
Shapiro, 140 with 3 per cent each Kirkhn in Eusterman and Balfour 52 
found 15 per cent of gastric ulcers to be associated with duodenal ulcers and 
6 per cent of duodenal ulcers to be associated with gastnc ulcers Carman 25 
concurs with the former figure and Walton 151 with the latter Wilkie’s 132 51 
combined ulcers 111 362 peptic ulcer patients would indicate a frequency of 
15 per cent Rivers 122 found a coexistence of 13 per cent 

Pathology — Pathologically, gastric and duodenal ulcers may be consideied 
together, as the lesions are essentially similar Each occuis m a portion of 
the digestive tract which has much m common with the other, both embryologi- 
cally and anatomically The stomach and duodenal bulb arise from the foie- 
gut, both have blood supply from the celiac axis, and each is bathed by acid 
gastric secretion (Boyd 21 ) The majority of peptic ulcers are located m the 
gastric “magensti asse” and the bulb, and heie the vascularity has the com- 
mon characteristic of an “end-aitery type,” with a paucity of capillaries 
(Sevan, 10 Reeves, 118 Wilkie 133 ) 

By far the greatest number of benign gastric ulcers are seen m a limited 
area of the lesser curvature As shown m Table III, 77 per cent of the 
gastric ulcers wei e situated on the lesser curvature 111 the area of the “magen- 
sti asse” (gastric pathway) The anterior wall of the stomach was the next 
most frequent site Sproull, 140a in 1931, analyzed all of the reported cases 
of gastric ulcer occurring on the greater curvature of the stomach, and con- 
cluded that benign ulcers m this site are extremely rare In the Presbyterian 
Hospital senes this was also found to be the case Two and one-half per 
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cent of the gastric ulceis weie found to be on the greatei cuivature This 
lepiesents four cases, all of which weie “acute ulceis” noted at postmoitem 
Not a single instance of cluonic, benign ulcei of the gieatei cuivatuie was 
found Welch (Oslei 111 ) lepoited the lessei cuivature to be only slightly 
more fiequently involved than the posterioi wall This is at variance with 
the usual opinion of othei observers, which agiees moie closely with the 
lesults indicated in this senes (Bevan, 10 Boyd,- 1 Eusteiman and Balfour/’ 2 
Holmes and Hampton, 72 Karsnei, 82 Kohler, 87 Millei, Pendei grass and An- 
drews, 104 Rivers, 121 Roof 127 and Stewait 143 ) 

In actual contact with the pylorus, or definitely involving it m the process 
of the disease, theie weie 13 pei cent of the gastnc ulcers m the cases here 
repotted DeLano 41 found 4 per cent at this site, but m most series the 
only statement is “near the pyloius,” making compai isons with this finding 
difficult The farthest from the pyloius of any gastnc lesion was found to 
be 18 cm, as measuied on the specimen resected at operation, -while the 
aveiage distance for this group was 3 9 cm This is the region just distal to 
the mcisura, and is the site of ptedilection noted by most authors (Boyd, 21 
Chang, 29 Eusterman and Balfoui, 52 Hinton and Tiabek, 00 Holmes and 
Schatzki, 73 Karsner, 82 Moynihan, 100 Stewart, 143 Sturdevant and Shapuo 140 ) 
The average size of the crateis of benign gastnc ulcers is most fiequently 
stated to be “under 3 cm ” Alvarez 0 considei s such ulcers 1 ai ely to exceed 
24 cm , and Boyd 21 places the usual upper limit at 2 cm Chang 20 found 
70 per cent of 63 cases to be under 3 cm in diametei , the smallest measuring 
but 6 Mm and the largest, 5 cm MacCaity in Eusterman and Balfour 92 
leports benign ulcer ciaters varying 111 size from 1 Mm to 19 cm, while 
Robertson m Eusteiman and Balfour 52 places the average size of the ciater at 
1 cm Sturdevant and Shapiro 140 analyzed 120 cases and recorded an average 
of 2 35 cm The average, noted m Table III, for this group is 1 66 cm with 
the smallest being considered a healed or microscopic crater and the largest 8 
cm across 

Duodenal ulcers are practically limited to the bulb, veiy few being noted 
beyond this portion Only one of the 287 studied in this series was beyond 
the distal bulb, it being found m the third portion Of the remaining cases 
the most distant was five centimeters, and the average measurement, from 
the proximal margin, of the entire group was o 79 cm Only 1 1 5 per cent 
of the cases weie in actual contact with the pyloric ring These findings aie 
consistent with the general opinion of others Boyd 21 and Kohler 87 place 
90 per cent of ulcer craters within the first one and one-half inches of the 
duodenum Roof 12 ' found 73 5 per cent less than 2 5 cm beyond the pylorus 
Jeffeison 78 reported that 992 per cent of 496 duodenal ulcers were above the 
ampulla of Vater In the Presbyterian Hospital series (Table III) about 70 
per cent of the duodenal ulcers were on the anterior wall, the remainder being 
distributed about equally on the posterior and the superior surfaces Only a 
small number were on the gieatei curvature or inferior side Kohler 87 does 
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not agiee with this, placing the greatei portion on the superior aspect of the 
bulb Karsnei 82 believes the postenoi wall is moie often involved 

The cratei of a duodenal ulcer is usually smaller than that of a gastric 
lesion, averaging about I cm in this series Ciaters weie noted as varying 
fiom a minute, nncioscopic ulceration to one with a diameter of 5 cm 
Deaver, 30 MacCaity in Eusteiman and Balfoui, r ' 2 and Stuidevant and 
Shapiro, 140 all place their cases within this same lange 

Table II also indicates the well-known fact that peptic ulceis are fre- 
quently multiple Theie weie 201 gastric ulceis in 158 patients and 362 
duodenal ulceis in 319 patients 

As might be expected, the “combined” ulceis more fiequently involved 
the pylorus (Table III), inasmuch as many lay on both the duodenal and 
gastnc side of the musculai ung and weie continuous ovei its surface 

The nncioscopic picture in peptic ulcer is vanable They may be acute, 
chionic or healed, and in this senes the chronic type was most frequently 
found The acute ulceis were more frequent in the gastnc gioup and the 
healed more numerous m the duodenum (Table III) This has been com- 
mented upon above as offenng a possible explanation for the lack of agree- 
ment of the pathologic and clinical statistics No compaiable reports weie 
found m the literature 

The ulcer ci atei may be 1 epi esented by a small, shallow erosion , or pene- 
tiate the wall to varying depths, 01 perfoiate to an adjacent viscus or into 
the peritoneal cavity They are most frequently deep and callous, involving 
the submucosa and muscularis (Caiman, 23 MacCaity in Eusteiman and Bal- 
four, 32 Boyd 21 ) The margins of the crater may be ovei hanging, reced- 
ing or tei laced (Boyd, 21 MacCarty in Eusteiman and Balfour, 52 Osier, 111 
Robinson 125 ) In the specimens obseived in this series, the overhang- 
ing margin was seen to predominate The lumen of the crater is 
usually filled with mucus and debris Beneath this is a lathei typical layering 
or stratification From within outwards theie is fiist seen a level of necrotic 
granulation tissue, then a zone of healthy gianulations with numeious young 
capillaries, and finally dense scai tissue The latter varies gieatly in amount 
and m extent, with the lesultant defoimity in the adjacent tissues showing 
marked differences In geneial, some distortion is piesent in all cases show- 
ing scai ring, and scairing is noted 111 the gieatei proportion of all ulcers, 
except m the acute type Distui bailee in structure due to fibiosis (Table 
III) was more marked 111 the gastric gioup than in the duodenal, but the 
differences weie not significant Severe degiees of distoition are exemplified 
by the permanent hour-glass contraction of the stomach and by the shortening 
which may occur 111 the pyloropapillary distance 111 the duodenum The 
noimal for this distance is given as 8 cm , and it may be reduced to 3 to 4 cm 
by conti acting fibrous tissue (Robertson in Eusterman and Balfour 52 ) 

Varying with the age and the activity of the process, the cellular reaction 
may be of different types and degiee Polymoi phonucleai neutrophils are 
seen in the earliei, more active lesions, while lymphocytes and plasma cells 
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predominate in those of longer duiation (Boyd 21 ) Vascular changes of the 
nature of peri-arteritis and endarteritis have been reported, and thrombosed 
vessels may be seen (Boyd, 21 Dible 44 ) 

The mucosa about the crater is often distorted by scar tissue and bizaire 
formations may result due to regeneiation and prolif eiation The down- 
growing epithelium may be pinched off by fibrocytes, leaving packets of 
epithelium to be seen m the section The muscularis mucosa may be frag- 
mented or hypeitrophied (Steinberg 141 ) Edema, to a gi eater or lesser degree, 
is apparent in the adjacent submucosa 

Complications and Moitahty — A discussion of the mortality in peptic 
ulcer is essentially that of the complications of the disease Patients do not 
die of peptic ulcer per se, but of hemorrhage, perforation, carcinomatous 
change, obstructive phenomena 01 the operative piocedures undertaken to 
coirect these or to relieve seveie symptoms 

Hemorrhage is so common that it may be regaided as a symptom, accoid- 
mg to Karsner 82 It occurs when an ulcer, acute or chiomc, involves a vessel 
as the neciotizmg process extends (Boyd, 21 Karsner 82 ) Bleeding may be 
slight or massive, and the latter is sometimes fatal Piotective thrombi may 
be dislodged by peiistalsis, distention or an increase in systemic blood pres- 
sure (Kaisner 82 ) Hemorrhage, according to Barclay, 12 is unrelated to the 
ulcer’s size, site, or even presence Others, including Goldman 64 and Boyd, 21 
consider bleeding to be more frequent m postenor wall duodenal ulcers and 
lesser curvature gastric ulcers The gastroduodenal aitery and its source, the 
supei lor pancreaticoduodenal artery, are involved in duodenal ulcers, and the 
coronary (gastric) arteues m gastnc ulcers (Goldman 64 ) The involved 
aiteries may be held open as a result of the stiffening of then walls by 
fibrous tissue (Robertson in Eusterman and Balfoui 52 ) Rivers in Euster- 
man and Balfour 52 expresses the view that duodenal ulcer is the most fre- 
quent of all causes of gastro-mtestmal bleeding, and that 90 5 per cent of 
such ulcers bleed at some time Table IV shows melena and hematemesis 
to be equally prevalent in this series, and that gastric and duodenal ulcer 
patients suffer these complications m about equal proportions although some- 
what less peihaps than those with combined lesions In general, slightly more 
than one-third of the patients bled to some degree, a figure that is m accord 
with that of several otheis (Balfour, 11 Emery and Monioe, 48 Goldman, 64 
Hurst and Ryle, 75 Oslei, 111 MacGuire, 95 Lynch, 94 and Paterson 113 ) 
Smithies 138 recorded a frequency of 364 per cent of hemoirhage, with 
hematemesis occurring in 81 per cent of these and melena m the remaining 
19 per cent This piedommance of hematemesis ovei melena is in contrast 
to the findings of Chace 28 and of Brown m Cecil, 27 who expiess the opinion 
that melena occurs 111 about 25 pei cent of ulcer patients and hematemesis 111 
less than 10 per cent Gaither 59 and Eggleston, 47 as well as Hurst and Stew- 
ait,' 6 place the fiequency at 18 to 19 per cent As noted above, there was no 
difference between the peicentages of bleeding ulcers m the gastric or duodenal 
gioups 111 this senes Some authors have not found this to be tiue, notably 
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Blackford and Dwyer, 17 who found massive hemoirhage to be twice as fre- 
quent in the stomach (30 per cent) as in the duodenum (15 per cent) 
Crohn 30 is in agreement with the increased tendency of gastric ulcers to 
bleed in comparison with those 111 the duodenum, as are de la Viesca, 42 Percy 
and Beilin, 115 and Eusterman and Balfour 52 Roof, 127 however, feels that 
duodenal ulcers bleed more fiequently than gastric 

Again it is heie appaient that a diffuence in the source of the cases 
studied may account for the variation in the impressions gained by the writer 
For example, Hurst and Stewart 70 agiee with the statistics of Crohn 30 who 
places the fiequency of hemorihage at 20 per cent for hospital cases and 10 
pei cent for all cases of peptic ulcei This seems to be a fairly reasonable 
estimate It is of intei est that Somervell and On, 130 in their group of cases 
in India, found hemorrhage exceedingly raie 

Perforation (Table IV) occuired with equal frequency m gastric and 
duodenal ulcei s Goldman, 04 in a laige numbei of cases, obtained a per- 
centage exactly in accord with the finding in the series herewith reported, 
namely, 23 per cent This figuie is somewhat higher than that of Miller, 
Pendergrass and Andrews, 104 who found 15 per cent in their series of 
operated cases Roof 127 found that ruptuied ulcei s made up 18 per cent of 
his gastric and 204 per cent of his duodenal cases Among other investi- 
gators the usual figures are around 5 to 10 per cent (Blackford and Dwyer, 17 
DeLario, 41 Emery and Monroe, 48 Lynch 04 ) These figures vary in different 
localities, as do so many statistics Someivell and On, 139 from India, report 
only four perforations in 2,500 operatively proven ulcer patients 

The average age in patients with pei forated ulcers is somewhat lower 
than that for the group as a whole Judin, 80 Sallick, 120 and Miller, Pender- 
grass and Andrews 104 are in agieement as to this fact Perforation is more 
frequent in ulcers of short duration, often with histones of no more than a 
few days or weeks (Boyd 21 ) This was most striking in the present series, 
in which a surprising number had an acute episode, associated with rupture 
and resultant peritoneal uritation, as the presenting symptom of ulcer Emeiy 
and Monroe, 48 among others, have commented upon this diamatic onset 
Patients with histories suggesting the piesence of fibiotic, chiomc ulcers 
seldom perforate with symptoms of peritonitis More often penetration 
gradually occurs into the adjacent viscera, paiticularly the liver and pan- 
creas (Boyd 21 ) 

The controversial subject of the origin of carcinoma in previously benign 
gastric ulcers is met with frequently m the extensive literature on peptic ulcei 
Using the criteria of Chang 29 and others, which criteria include a history 
of sufficiently long duration (at least two years, and a pievious 1 oentgenologic 
diagnosis of ulcer if possible), location of the lesion m the region of greatest 
frequency for benign ulcei s, and the presence of malignant changes only 
on one margin and not 111 the base of the cratei, a percentage of 8 was 
found in gastuc ulcers (Table III) This figuie is admittedly open to ques- 
tion, as no two obseivers might mterpiet the same material m the same 
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manner (Scott, 132 - 133 Spilsbury 140 ) It is the belief of Hinton and Trabek 09 
that caicinoma never arises in benign ulceiation and Morley 105 considers it 
exceedingly laie Sauei 130 felt that such a process occuired m but one of 
182 gastnc ulcei cases The most fiequent figuie appealing in the literature 
on the subject is about 5 to 6 pei cent or less (Balfour, 10 Boyd, 21 Cabot and 
Adie, 23 Brown m Cecil, 27 Chang, 29 Dible, 44 Emery and Monroe 48 Ewing, 73 
Huist and Stewart 70 ) Osier 111 indicates a 5 to 10 pei cent possibility, and 
Stewart 143 found evidence of carcinoma 111 14 of 216 cases at autopsy, or at 
opeiation Roof 127 and Walton 151 gave 10 per cent as the incidence, while 
Eusterman and Balfoui 52 found malignant changes in 10 to 15 per cent of 
resected gastnc ulcers Thus it is appaient that theie is no definite agree- 
ment, and that the problem is not an easy one either clinically 01 pathologically 
Bloomfield 19 divides gastric carcinomata into two mam groups — those which 
arise in stomachs showing chiomc gastritis and anacidity, and those with 
ulcer Landon 90 is convinced that carcinoma is a sufficiently frequent fol- 
lowei of gastric ulcer to cause concern 

It will be noted m Table II that one case of carcinoma following duodenal 
ulcer is recorded I11 this instance, a long standing, callous ulcer of the 
duodenum was found 111 contact with a carcinoma of the stomach, one lying 
on either side of the pyloric ring The association, of course, cannot be 
proven Caicmomata originating in duodenal ulcers must be exceedingly 
rare, as is malignant disease of the duodenum Jefferson, 78 in analyzing all of 
the repoited cases of duodenal carcinoma, found only 31 apparently having 
their origin in preexisting duodenal ulcer 

The mortality and causes of death found in this study are shown in Table 
IV These figures cannot be considered as a fair statistical average, for being 
hospital cases they lepresent the relatively moie severe Death due to ulcer 
was highest in the combined and gastric groups, being almost twice as fre- 
quent as in the duodenal Perforation accounted for the most deaths in 
the combined ulcer group, carcinoma in the gastric and operative procedures 
in the duodenal The latter figure is to be anticipated when the large number 
of operative cases reported in this series is considered The total operative 
mortality is, however, extiemely low in this duodenal group, namely, 87 
pei cent, even though this was most frequently the cause of death Death 
occuired 111 a somewhat later age period than that m which the patients were 
hist seen Death due to caicinoma arising m ulcer was about at the same 
average age as that for the ulcer group as a whole 

Goldman 04 found the moitality m a group of 890 patients to be 17 per cent 
Of those with perforation 32 per cent died, a figure above that obtained in 
this series (14 to 16 per cent — not shown on the table) Eleven point one 
per cent of patients with hemorrhage died m this group, which agrees with the 
Piesbytenan Hospital figures (10 per cent of duodenal and 15 per cent 
of gastric ulcers) Blackford and Dwyer 17 report a mortality of eight in 
207 duodenal ulcer cases, a percentage of 3 9 Of these, two deaths were due 
to hemorihage, and thiee each succumbed following operation and perforation 
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DeLano’s 41 senes of 105 peptic ulceis showed death due to ulcci m only 
two cases, both of which weie postoperative Emeiy and Monioe 48 showed 
a death late of 7 2 pei cent, and of those cases with peifoiation, 28 pei cent 
ended fatally Hunt, 71 in a lecent leport, estimates that the moitahty in 
peptic ulcei is somewheie aiound 2 to 5 pci cent, which, 111 view of the 
marked vanation in the statistics of othei authois, would seem to be a fan 
aveiage Postopeiative deaths aie piobably moie fiequent than deaths due to 
othei causes associated with ulcers, but such a statement should be qualified 
by calling attention again to the fact that suigical cases aie those which have 
done pooily undei conseivative tieatment 01 those wdnch are suffenng fiom 
severe complications 

Befoie leaving the subject of the complications of peptic ulcei, mention 
should be made of the distuibed 01 alteied physiology of the involved viscus 
Spasm, defoinnty, delay m emptying, vanations in penstalsis, changes in 
tonus and hypei sect etion aie all demonstrable 1 oentgenologically A dis- 
cussion of these phenomena, theiefoie, will be consideied in that section 

Much has been wntten about the relationship of ulceis to disease of the 
gallbladdei and appendix This association w'as studied only 111 the celi- 
otomy gioup (Table IV ) It is difficult to believe that this lelationslnp is 

significant as heie found A histoiy of an appendicectomy is not always 

evidence of appendicitis, nor is one of “gallbladder tiouble” a diagnostic cer- 
tainty Sufficient information w^as not found on the charts to make this a 
lehable estimate A causal lelationship between the appendix and peptic ulcer 
has been previously mentioned Aaion 1 w r as impiessed by the physiologic 
lelationslnp of these stiuctures and noted that piessuie on the appendix caused 
pyloric spasm and epigastric pain In groups where this problem has been 
caiefully analyzed the fiequency of an association is often lecorded as higher 
Alvaiez 7 found gallbladdei disease m 85 pei cent of male gastric ulcei 
patients and 111 133 pei cent of female patients In the duodenal ulcei patients 
11 per cent of the men and 27 pei cent of the women had associated disease 
of the gallbladder Riveis and Mason 123 found 13 per cent of then opeiated 
duodenal ulceis to have definite cholecystitis pathologically, and in anothei 
33 pei cent the findings w^eie suggestive Then gastric cases showed 78 
per cent of piobable gallbladdei disease Emeiy and Monioe 48 leported asso- 
ciated gallbladdei disease in 13 pei cent of then ulcei cases, and Smithies 138 
14 per cent In 18 cases of gastnc ulcei at postmoitem, Cleland 32 found 
gallstones m tlnee From the othei side the statistics aie less nnpiessive 
Haitman and Rivers 05 found ulcei 111 3 2 per cent of 879 cases of cholecystitis, 
which is not much above the usual fiequency of the disease as an entity 
Laird’s 89 percentage of 4 1 led him to believe that the lelationslnp was not 
dnect but slight As a whole the recorded findings suggest that this is true 
A possible relationship between appendiceal disease and peptic ulcer has 
not been pioved (Emery and Monroe 48 ) Hartman and Rivers 05 reported 
cln onic appendicitis to be pi esent m 35 7 pei cent of gastric and 44 4 per cent 
of duodenal ulcer patients Smithies’ 138 rate was 36 per cent and Lari- 
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more 91 noted that 18 pei cent of his cases had had appendicectomies Somer- 
vell and On, 139 in statistics fiom India, found a 73 pei cent concomitance 
Symptomatology — That the symptomatology and histoiy of peptic ulcer 
are characteristically those of penodicity, peisistence and variable regularity, 
is almost axiomatic (Osier, 111 Brown in Cecil,- 7 Hunt, 74 Emery and Mon- 
roe, 48 etc ) Ulcer patients usually have long histones, Hunt, 74 noting that 
it was usually two yeais before the patients piesented themselves to a physician 
The average duiation of symptoms in Emeiy and Momoc’s series 48 was 
seven yeais, and Roof’s 137 was 6 5 yeais for duodenal and 5 5 years for gastric 
ulcer patients More than half of Smithies’ 1 * 8 cases, and there were 500 
gastnc ulcers, had had symptoms for fiom 5 to 20 yeais Chang 30 placed 33 
pei cent of his gastnc cases in this categoiy Tiie average duiation of symp- 
toms in 0111 own senes was 78 yeais foi gastric and 73 yeais foi duodenal 
ulcers This is closely in line with the above findings (Table V) 

The periodicity of symptoms is emphasized by the ratios noted 111 Table 
V They w'eie intermittent rather than constant, six times as frequently in 
the gastric and 24 times as frequently in the duodenal cases Remissions 
occuried in 61 pei cent of gastnc ulcei patients and 64 pei cent of duodenal 
ulcers 111 the summary by Millet, Pendergiass and Andrew's 101 Smithies 1 18 
found this phenomenon charactenzing 69 pel cent of his cases, and Roof 13 ' 
commented on the history of “attacks” 111 81 2 pei cent of duodenal and 785 
per cent of gastnc ulcei s The occuirence of exaceibations in the spring 
and fall has been remarked frequently (DeLario 41 ) It w'as Smithies’ 137 
belief that the explanation w'as to be found 111 tbe pievalence of “epidemic 
infectious agents” at these times Eusteiman and Balfour 33 found this sea- 
sonal variation in 50 per cent of their senes They offered no satisfactory 
explanation but suggested, in agreement with Smithies, that theie might be 
an increased infectious activity, 01 possibly that some nutntional factor 
entered into the question at these times Huist and Stew'art 70 state that the 
return of symptoms may “definitely date fiom a sudden change in the 
weather”, “The effect of weathei is not entnely dnect, it depends m part 
on the increased liability to nasal catairh, tonsillitis, bronchitis, and ‘influ- 
enzal attacks’ in bad weathei ” It is their belief that this seasonal change is 
much less maiked in gastnc than in duodenal ulcei patients 

Pam is the most constant and important symptom of peptic ulcer The 
fiequency and characterization of the pain in the piesent senes of cases is 
noted in Table V The descriptive adjectives used aie those employed by 
Miller, Pendergrass and Andrews 104 The percentages of 72, 88 and 83 
respectively foi gastric, duodenal and combined ulcei patients indicate the 
very geneial occurrence of this symptom Hinton 70 lecorded it in almost 
the exact propoition, 79 per cent Other lllustiative statistics include those 
of Lynch, 94 with pam present in 69 per cent of gastric and 73 pei cent of 
duodenal cases, Peicy and Beilin, llj with 100 pei cent of gastnc and 924 
per cent of duodenal cases, and Smithies 138 who noted pain in 98 per cent 
of his gastric ulcers 
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The type of pain, howevei, does not seem to denote the site of the lesion 
Severe pain was somewhat moie fiequent in gastnc ulceis “Dull” and 
“shaip” weie both employed moie m the duodenal gioup “Cutting” and 
“burning” weie a little moie usual m gastnc than duodenal ulceis In the 
combined gioup “dull” and “binning” weie more fiequently employed than 
m othei types of ulceis The geneial facts in this descuptive analysis agree 
with those of Millei, Pcndergiass and Andiews 101 “Shaip, buinmg” pain 
was moie frequent in then series Only a small peicentage was noted by 
them to complain of fulness 01 heaviness, while it will be noted in Table V 
that approximately one-thud of the cases icpoited such distiess Other re- 
viewers have lecoided about the same vanations in the intensity of the dis- 
comfoit (Percy and Beilin, 115 Roof 127 ) Emeiy and Momoe 18 described 
slight distress in 20 pei cent of then cases, model ate in 58 pei cent and in- 
tense in 184 per cent Of then 539 patients with abdominal distress, 136 
applied such adjectives as “bonng, ’ “gnnding,” “gnawing,” etc , and about 
one-half complained of fulness 

The allocation of pam to a portion of the abdomen is noted 111 Table V 
It is seen to be predominantly epigastnc, as is geneially lecogmzed Four 
hundied sixty-one of Emeiy and Monroe’s 18 556 cases weie so located 
Peicy and Beilin, 115 Chace, 28 Millei, Pendei glass and Andiews, 101 Smithies, 138 
Hunt, 74 and Roof 127 have lepoited this same finding As might be expected, 
pain in the light and left hypochondria was moie fiequent in duodenal and 
gastnc ulceis respectively Referred pam to the back was present in 15 
pei cent, with no paiticulai diffeience in the three types of ulcei The findings 
of Millei, Pendergiass and Andiews 101 weie sinnlai and somewhat higher 
than those of Roof, 127 who found this phenomenon moie fiequent in gastric 
ulceis, attubuting its occuuence to postenoi adhesions Hunt 74 ascribes it, 
especially, to the piesence of adhesions to the panel eas, with pain referied 
to the cardiac and splenic areas as being associated with lesions higher on 
the lessei curvatuie In this connection the analysis of Rivers 120 is of in- 
terest He reported that pam is pooily localized in 90 per cent of shallow 
gastric lesions, but definitely placed in 50 pei cent of laige and 90 pei cent 
of perfoiating ulcers In the latter type, wheie the ulcei involved the mesen- 
teiy or adjacent viscera, 93 per cent had pain refened to the back or thorax 
In duodenal ulcei he found diffuse distiess an accompaniment of obstiuctmg 
lesions In this legion 64 pei cent of cases, wheie the ulcer was not pei- 
foiating, gave a poorly defined pam distribution, while accuiately locahzable 
pam was noted m extensive and subacute ulcei ation with considerable regu- 
lanty In 90 per cent of pei f mating duodenal ulceis the pam was in the 
right nppei quadrant, and 77 P er cent of these lemarked that it was also 
lefened to the liver and the back 

The relationship of pam to the time of eatmg is variable, but it is appaient, 
from Table V, that pam occurs somewhat earliei in gastric than in duodenal 
ulcei , and that there is usually some definite relationship That thei e is an 
association is the impression of Miller, Pendergrass and Andrews, 104 
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Smithies, 138 Chace, 28 and Emery and Momoe 48 and others Huist and 
Stewart, 70 Roof 127 and Eusterman and Balfour, 52 among others, noted that 
pain was present eailier after eating in gastric than m duodenal ulceis 
Eusterman and Balfour, 52 Smithies, 138 and Hurst and Stewait 70 state that 
pam occurred earlier m gastric ulceis situated in the cardia than in those 
farther down m the stomach, appearing as eai ly as one-half hour aftei eating 
Hunt 74 suggested that the nearer the pylorus the ulcer is, the longer the in- 
terval between eating and the onset of pam The legularity of the occui- 
lence of pam, emphasized by Moymhan, 108 did not seem to be frequent or 
accurate enough to be consideied characteristic Riveis 120 makes the mtei- 
esting observation that a change in the chaiacteristics of ulcei pam, with 
increased persistence, despite the use of alkali, denotes a change m the 
pathology 

The cause of pam m peptic ulcers has not been definitely detei mined 
An increased acidity with lesultant notation of bared nerve fibrils has been 
suggested, and Palmer 112 produced pam in 95 per cent of tested cases of ulcer 
by its application Against this as a umveisal explanation, is the low acidity 
m many patients with severe pam (DeLario 41 ) Even the relief by alkali 
might be explained by a resultant decrease in muscle spasm, rather than acid 
neutralization Spasm, as a cause of pam, has many adherents Deaver and 
Burden 40 and Iiuist 77 considered pyloric spasm as the cause of pam Bai- 
clay 12 described the concurrence of pam, spasm and tension as seen fluoro- 
scopically DeLario 41 believes that pain occurs only when the base of the 
ulcer is attached to the muscle of the submucosa or to the muscular coat 
proper, as by edema, adhesions or inflammatory changes By such fixation, 
muscular activity results m tension 011 the ulcer ciatei and pam Brown in 
Cecil 27 agrees with the theory that spasm of the pylorus causes ulcer pam, 
but adds that neuralgia or neuiitis of the gastric nerves may occasionally 
be lesponsible It should be added that many definite ulcers aie seen roent- 
genologically and by direct observation in association with which there has 
been no pam or discomfort (Boyd 21 ) 

Table VI shows the number of instances in which case lecords were ade- 
quate for an analysis of other symptoms Nausea and vomiting were more 
often encountered m the gastric and combined ulcer groups than m the 
duodenal, while belching or eructations appear m a larger percentage of the 
latter As Miller, Pendergrass and Andiews 104 state, these symptoms are 
not typical of the disease The more important symptom, bleeding, has been 
discussed elsewhere Constipation is rather frequent, suggesting a close func- 
tional relationship between the portions of the gastro-mtestmal tract 
Anorexia is variable and probably accounts for weight loss, along with food 
restnctions, vomiting, night pam and lack of sleep (Hurst and Stewart, 70 
Smithies 138 ) 

Vomiting is associated with pam or with pyloric obstruction, either organic 
or leflex (Chace, 28 Emery and Monroe 48 ) As will be discussed later, 
pyloric obstiuction is more frequent m association with gastric ulcers, and 
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may account for the mci eased frequency of vomiting in cases with such ulcers 
Although vomiting was not much more frequently met with in gastric cases 
m this series, it was in those of Eusterman and Balfour, 52 Hunt, 74 Jordan, 79 
Lynch 94 and Roof 127 

Physical Findings — Definite physical findings are few The principal 
ones aie noted in Table VI Of these, local tenderness was the most con- 
sistently found, and this more often in gastric than in duodenal ulcei s Rigidity 
and spasm were not unusual, while a palpable mass and visible peristalsis were 
comparatively rare The findings of Miller, Pendergrass and Andrews 104 
closely agree, and this is the usual impression Hurst and Stewart 70 stress 
the diagnostic value of the finding of a localized area of tenderness or hyper- 
esthesia They found less rigidity and spasm m the absence of pam The 
finding of a “tumor” was rather unusual in their experience 

Relief — As is well known, alkali and food, as well as vomiting, may give 
relief m ulcer patients, and are more effective in duodenal than in gastric 
ulcei s This is also noted in the reports of Miller, Pendergrass and An- 
drews 104 and of Roof 127 Other sources of relief, mentioned infrequently, 
w'ere pressure, catharsis, changes of postme and eiuctations 

Roentgenologic Phenomena — Moymhan 108 states “Of all ancillary meth- 
ods of diagnosis that of the radiologist should be of the greatest value In 
the diagnosis of gastric ulcer it has pride of place, m competent hands it is 
far more accurate than any other method of diagnosis, clinical or chemical, 
or than all other methods combined ” Not only is the presence of an ulcer 
to be determined, but the roentgenologist has the opportunity to evaluate 
the seventy of the complications, and the efficacy of treatment The roent- 
genologic diagnosis of peptic ulcei depends upon the demonstration of “direct 
and indirect” signs The former is the crater, the latter are those due to 
disturbances in outline or function of the stomach or duodenum 

The pocket formed by a cratei is, of all evidence of ulcer, the most definite 
and the only positive proof (Barclay, 12 Carman, 25 Golden 63 ) Its fiist de- 
scnption is variously ascribed to Reiche 119 and to Haudek 07 It would seem 
that Reiche, in 1909, demonstrated the niche 111 gastric ulcers, and Haudek, 
in 1912, in duodenal ulcers 

If the gastric ulcer is superficial, involving only the mucosa, the crater 
may be seen in profile as a small projection beyond the gastric outline, or 
meiely as an opaque spot if on the anterior or postenor surfaces Such a 
finding is best obtained with a small amount of opaque medium in the stomach 
Radiating mucosal folds may be seen centering about such an area, a finding 
emphasized by Forssell 54 If there is a greater penetration, the niche may be 
seen as a piojection beyond the gastuc contour Its depth is relatively gieat 
as compared to its diameter 111 the majonty of instances (Golden 63 ) The 
depth of a ciatei shadow may be increased by a heaping up of mucosa around 
the mouth due to edema, spasm of the muscularis mucosa or scar tissue (Bar- 
clay 12 ) Such a penetrating ulcer is usually not fixed to the adjacent structures 
(Hurst and Stew^ait 76 ) 
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When the ulcer penetiates beyond the gastnc musculatuie, an accessory 
pocket occuis (Kirklin in Eusteiman and Balfoui 52 ) In such pockets a fluid 
level with a supenmposed gas bubble may be seen (Knklin in Eusterman 
and Balfour , 52 Golden , 03 Holmes and Ruggles 71 ) If adjacent visceia, most 
f 1 equently the panel eas and the liver, aie invaded by this piocess, the area 
may be fixed to palpation, but if it is the gasti ohepatic omentum this fixation 
does not occur (Kirklin m Eusteiman and Balfoui , 52 Huist and Stewart 70 ) 
When the liver is the site of such imbedding, the ciater may be seen to descend 
with lespuation, a finding not noted in those instances whete the pancreas 
is involved (Knklin m Eusteiman and Balfoui 52 ) Failuie to visualize 
these craters may be due to foieign material which acts as a plug, as in a case 
repotted by Stewait and Illick 144 Such foieign matenal and haste in ex- 
amining are consideied by them to be the causes, most frequently, of failuie 
to visualize gasti ic ulcei ciaters 

Twining 148 has emphasized the i oiled edges of the benign ulcer crater m 
conti adistinction to the tnangular, more or less sharp outline of malignant 
excavations Scott , 132 133 Rivers and Diy , 122 and Jordan 79 are among the 
many who have emphasized the difficulty of dififei entiatmg the benign fiom 
the carcinomatous niche Scott , 132 133 and Singleton 135 uige a course of 
medical treatment and lepeated examinations to distinguish between these 
two conditions, judgment depending upon the piesence or absence of healing 

If the ciatei is on the lessei cuivatuie it is usually readily seen (Huist 
and Stewart 79 ) If the cratei is on the antenor or postenoi surfaces of the 
stomach, oi if small, considerable painting of the slightly filled viscus may 
be lequired befoie it is seen (Baiclay 12 ) Pressuie and lotation of the 
patient in Older to view the ciater in piofile are often necessaiy (Barclay , 12 
Golden 03 ) Ciatei s in the legion of the caidia may be extremely difficult to 
demonstiate, palpation often being impossible A change in position with 
lowering of the patient’s head and a minimal filling may matenally aid m 
its disclosure (Baiclay 12 ) The niche m an ulcei of the pylonc legion is 
frequently unseen, but variations m the function and appeal ance of the region 
should stimulate careful obseivation (Baiclay 12 ) Joidan 79 has pointed out 
that a loop of intestine, particulaily the duodenojejunal flexuie, may be con- 
fused with lessei cuivatuie ciatei s 

The secondaiy oi mdnect evidences of gasti ic ulcei depend upon dis- 
tui bailees in the physiology of the stomach and often upon defoinuties re- 
sulting from spasm or scarring An mcisura oi notching opposite a ciatei is 
an mf i equent finding and thus is of little diagnostic significance (Golden 03 ) 
Moieovei, it may be due to reflex stimuli fiom disease of the gallbladder, 
appendix or duodenum (Carman 20 ) Such an mcisura, to be of significant 
impoil, must be constant, in the same location, present m all positions assumed 
dm mg the course of the examination, and withstand manipulation and atio- 
pmization (Caiman -0 ) If the mcisura is deep enough, subsequent fibrosis 
may result in an “hour-glass” or bilocular stomach The neck, oi channel 
at the site of the ulcer and mcisura, may be more or less permanent (Kirklm 
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m Eustei man and Balfour, 52 Golden 03 ) Clairmont 30 distinguished the houi- 
glass deformity associated with annular carcinoma from that due to benign 
ulcer, describing the displacement of the greater curvature toward the lesser 
m the benign lesion, and the lesser towaid the gi eater m the piesence of 
carcinoma This gives rise to the so-called “B” and “X” types of defoimity 
Roof, 127 m 1934, recorded an 8 per cent frequency 111 his gastric ulcer cases 
Apparently hour-glass stomachs are now less frequently seen than 10 or 
20 years ago (Twining 148 ) 

Gastiospasm varies gieatly 111 amount and peisistence It may be diffuse 
or localized, but it is most commonly found 111 the prepyloric region regard- 
less of the location of the gastric ulcei (Kirkhn m Eusterman and Balfoui 52 ) 
This may be attributed to an intrinsic reflex or to inflammatory changes in 
the pylonc region 

Retention after six hours may or may not be noted It would seem to 
be more fiequently found in association with gastric than with duodenal ulcei s 
(Roof 127 ) Carman 25 found it present in 55 per cent of gastric ulcers, and 
Miller, Pendergrass and Andrews 104 in 60 per cent of all cases Eusterman 50 
noted retention 111 29 per cent of gastric ulcers, 35 per cent of which were 
sufficiently lemoved from the pylorus to suggest a reflex phenomenon In 
his duodenal cases, retention was slightly less frequent, a percentage of 26 
Berkman 15 also found retention more frequently m gastric than 111 duodenal 
lesions and he too remaiked upon the fact that the pylorus was involved in 
only 227 per cent of gastric and less than 50 per cent of duodenal ulcei s 
Otheis who report high frequencies of retention 111 gastric ulcers include 
Smithies, 138 with a percentage of 67, and Chang, 29 who set it at 50 pei cent 
In the analysis of Miller, Pendei grass and Andrews, 104 pylorospasm was 
present in 48 per cent of gastric ulcers but organic obstruction in only 8 
per cent Alvarez, Horowitz and Ascamo, 8 m studies on the pylonc muscle, 
concluded that gastric ulcers generally caused pyloric hypertrophy, but that 
duodenal ulcers seldom if ever did unless theie was actual organic obstruction 
This is an interesting commentary upon the possibility of the reflex nritatmg 
effect of an ulcer at some distance fiom the pylorus 

Retention, it should be added, is not diagnostic, 111 any sense, of the 
piesence of a gastnc lesion Mamgot’s 90 synopsis of the conditions leading 
to gastric letention is interesting in this connection He divides the causes 
into general and abdominal Of the foimer he lists (a) Nervous and 
physiologic {eg, migiame, melancholia), (b) endogenous toxins {eg, 
nephritis, infections) , (c) exogenous toxins {e g , emetics) The abdominal 
causes may be extraperitoneal, such as renal colic, or mtraperitoneal, such as 
peritonitis, cholecystitis, peptic ulcer, neoplasm or pyloric obstruction 

The tone of the stomach may be lowered, a finding more frequently noted 
in patients whose stomachs have decompensated due to long standing pyloric 
obstiuction (Carman, 25 Golden 03 ) 

The changes in peristalsis are never charactei istic of gastric ulcer It 
may be increased (Holmes and Ruggles 71 ), or weak and irregular (Car- 
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man 25 ) It may be inteiiupted at the site of the lesion if the ulcer involves 
a sufficient depth of tissue (Golden 0 *) Fiaenker’"’ 50 described a functional 
defect in motility which he ascnbed to alteration in the activity of the trans- 
veise musculatuie This he consideied due to lrntation, and described it 
as a failuie of movement of a small segment of gastric contour about an ulcer — 
an aiea of flattening of 8 Mm oi so in length He called this the “cross- 
bar sign” It is best seen on senal roentgenogi ams Miller, Pendei grass 
and Andrews 104 found penstalsis to be hyperactive in 59 pei cent of their 
gastnc cases, hut moie often so with duodenal ulceis, 65 per cent, suggesting 
a leflex, nervous association They also reported penstalsis as normal m 
15 per cent and sluggish m 22 pei cent of their gastric cases, normal in the 
same pei cent, 15, of duodenal and sluggish in 15 per cent 

Hypeisecietion is sometimes seen as an evidence of irritation or stasis 
(Golden 03 ) 

Pylonc ulceis lequne somewhat moie discussion because of the difficulties 
attendant upon then diagnosis Baiclay 12 bases many obscuie diagnoses on 
secondary phenomena because of the difficulty with which the demonstration 
of the ciatei is so often accompanied Local tenderness, hyperperistalsis, 
intermittent spasm and asymmetiy of the pyloric opening into the bulb, have 
all helped to suggest the piesence of an ulcer The latter deformity is more 
often found with duodenal ulcer than with pylonc It is also described by 
Keiley 83 Stone and Ruggles, 145 discussing the various changes to be noted 
in the pi epyloric and pyloi ic regions, attributed an eccentric pylorus to either 
an anatomic variation, adhesions, 11 regularities in the muscularis mucosa, or 
an adjacent ulcer 

As m the stomach, the demolish ation of the barium filled niche is the most 
certain evidence of ulceration m the duodenum (Akerlund, 2 Barclay, 12 Berg, 14 
Carman, 25 Kirklm in Eusterman and Balfoui, 52 Golden, 03 Keiley, 83 Kirklin 
and Burch, 80 Petei, 110 etc ) A niche without deformity is rare unless the 
ulcer is extremely superficial (Akerlund 4 ) George and Gerber 02 expressed 
the opinion that any duodenal ulcer will defoim the duodenum, that a normal 
bulb on the roentgenogram, theiefore, rules out the possibility of any “surgical 
ulcer” Howevei, crateis have been seen without associated deformity 
(Golden, 03 Knklm in Eusterman and Balfoui 52 ) Palpation and piessure 
play an important role in the visualization of the bulb and the maintaining of 
the shadow of a crater until a roentgenogram can be taken (Barclay 12 ) This 
is often difficult, and the more modem technic of “pressuie films” has been 
a definite aid Using such a technic the number of craters visualized has in- 
creased remarkably Akerlund 2 advocated such pressure methods because of 
the frequency of “en face” ulcer craters, on the anterior or posterior wall, 
and because of the possibility of multiple lesions being missed in a fully dis- 
tended, uncompressed bulb Using such equipment he demonstrated the crater 
in 60 per cent and 75 pet cent of cases as noted m two leports 
Akerlund 3 4 ), Berg 14 noted a crater in 50 per cent of duodenal ulcers, 
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Diamond 43 m 66 6 pei cent, Clark and Geyman 31 54 per cent and Ettinger and 
Davis 49 in 50 per cent Golden 03 stated that craters are demonstrable 111 50 
to 60 per cent of cases with special methods and m 13 to 15 per cent without 
Caiman 24 used no pressure apparatus and had a frequency of demonstration 
of a crater in duodenal ulcers of 27 per cent, while Kirklin, 84 and Kirklin 
and Burch, 80 showed them in 15 and 17 per cent of two series In the latter 
report 80 they stated that a crater must retain its position despite heavy palpation 
to be definitely diagnostic They felt that the higher frequency of niche 
demonstration with pressure apparatus was undoubtedly real, but could lead to 
errors in other directions For example, such a technic might lead to the 
diagnosis of a crater when there was present a cicatricial sacculation, pseudo- 
diverticulum or merely a fleck of barium caught between the folds of the 
mucosa They also felt that the discrepancy in crater frequencies might be 
due to the criteria used, or the source of material studied For example, 
they found higher percentages 111 surgical cases, and only 25 per cent of 
duodenal ulcers (140 cases in all) at neciopsy showed definite craters Kirklin 
and Burch, however, stress the importance of the niche diagnosis and add 
this differential suggestion A niche means an ulcer if deformity is present, 
an active ulcer if there is also irritability, and an improving ulcer if it gi ows 
smaller or disappears Holmes and Schatzki, 73 it might be added, feel that 
the distortion of the mucosal lehef about a niche is of greater importance and 
more conclusive evidence of the presence of a crater A “halo” of swollen 
mucosa about the crater has been described by Peter, 110 and a heaping up to 
mciease the apparent depth of penetration has been noted heie as in the 
stomach (Barclay 12 ) 

Of the indirect signs, distortion of the bulbar outline and of its mucosal 
pattern are so prevalent that they may well be considered direct evidence 
These were first described by Cole 33 and ascribed by him to the presence of a 
duodenal ulcer Such a deformity of the bulb may be due to other causes, 
including incomplete filling, periduodenal adhesions secondary to upper, 
light quadrant inflammatory processes (particularly gallbladder disease), 
neoplasm, spasm from extrinsic sources, duodenitis and healed ulcei (Kirklin 
111 Eusterman and Balfour, 32 Cordiner and Calthrop 34 ) Still, the aggiegate 
of all these causes is small and should seldom lead to an incoirect diagnosis 
(Kirklin m Eusterman and Balfour 52 ) Akerlund 4 indicated that the con- 
fusing irregularities in bulbar outline could usually be sufficiently clarified 111 
older to reach a diagnosis Thus a rounded shadow due to the impression of 
the gallbladder can usually be moved on pressure or may be diffeientiated 
on rotating the patient Such a deformity is usually seen in the distal bulb, 
and can, in the last analysis, be excluded by a gallbladder series employing 
teti aiodophenolphthalem Periduodenal adhesions result m a decreased mobil- 
ity of the bulb, and the deformity is somewhat atypical New growths are rare, 
benign lesions such as polypi giving a rounded shadow Congenital diverticula 
seldom arise from the bulbar portion of the duodenum, and if projected fiom 
the second portion m a confusing manner can often be displaced by mampula- 
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tion or lotation Barclay 12 states that a positive diagnosis is usually coriect 
if based on defoimity alone, but never ceitain unless the niche is also seen 
Defoinnty of the bulb is the lesult of spasm and scan mg (Berg, 14 Koh- 
lei, 87 Sutbeiland 117 ) With the spasm limited to the musculans mucosa, a star 
foimation of ladiating lines may lesult (Beig, 14 Golden, 01 Holmes and Rug- 
gles, 71 Petei 110 ) More often the outei musculature is involved to some de- 
giee Opposite the crater an mcisuia, similar to that found in the stomach, 
may be seen (Beig, 11 Kirklin in Eusterman and Balfoui, r ’ 2 Petei 110 ) No 
moie than a loss of the noimal convexity of the bulb may be noted in the 
aiea aiound the ciatei (Petei 110 ) By fai tbe gi eater number of duodenal 
ulceis, howevei, aie associated with a maiked, often bizarie outline 

Tbe bulb may be shortened maikedly, 01 nail owed to a thin channel 
(Akerlund, 1 Beig, 11 Kohler, 87 Petei 110 ) Pseudodiverlicula, 01 pouches with 
the ciatei at the stoma, may anse due to conti action of scar tissue bands and 
the pulsion activity of food (Akerlund 2 ) As previously mentioned, an eccen- 
tric position foi the opening of the pyloius into the bulb is more frequently 
seen with duodenal ulcei than with pyloric 

Caiman 23 classified bulbar defoinuties as (i) Geneial, (2) basal bolder, 
(3) ciatei, (4) incisuial, (5) conti acted, (6) accessoiy pocket, and (7) 
pseudodiveiticula These conespond to the giouping of Akcilund, 4 who 
notes six mam types (1) Niche, (2) tiansveise encroachments, (3) longi- 
tudinal restrictions (such as shoi telling of the bulb) , (4) pouch formation 
(due to sacculation) , (5) pseudodiveiticula, and (6) relief defoinuties (such 
as due to spasm and hypeitiophy of the musculans mucosa) 

In the piesence of an ulcer the duodenal bulb is veiy apt to be mutable 
and hypei active, emptying lapidly and often rendenng visualization diffi- 
cult Reflexly gastnc penstalsis, tone and motility aie all apt to be increased 
(Carman, 25 Golden, 03 Holmes and Ruggles, 71 Kohlei 87 ) In consequence, 
gastnc emptying may be veiy lapid Howevei, if the ulcei ciatei is near the 
pyloius a maiked pylorospasm may lesult, and delay in emptying be noted 
(Golden 0,1 ) Such spasm and obstiuction due to actual scairing in the bulb 
account for the retention noted in the stomachs of duodenal ulcer patients 
As discussed undei gastric ulcers, this is usually less maiked than in lesions 
of the stomach, less than 50 pei cent of cases showing a six houi letention 
(Golden 03 ) 

Duodenal stasis has been noted frequently 111 association with duodenal 
ulcer and Friedenwald and Feldman' 58 uiged the exclusion of such a lesion m 
the presence of this finding Duodenal ulcei accounted for delay m 
emptying of the second poition in 44 per cent of 80 instances of “puddling” 
Tenderness definitely localized to the bulb may or may not be present 
(Akerlund, 4 Golden 03 ) 

Some of the souices of eiror in the roentgenologic diagnosis of the 
stomach and duodenum have been suggested in the foiegoing paiagiaphs 
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Others include the presence of hypertrophied folds, particularly the prepyloric 
fold, which has led to a false diagnosis of crater (Kirkhn, 85 Golden 03 ) 
Irregularities of the entire upper gastro-intestmal tiact may be found m asso- 
ciation with a closely approximated loop of colon, with ascites, piegnancy and 
intra-abdominal tumors (Kirkhn 85 ) A crater may be plugged by mucus, 
blood, food, 01 hypertrophied and edematous folds in the duodenum as well 
as m the stomach (Akerlund, 4 Cordmer and Calthrop 34 ) Small anterior 
or posterior wall duodenal ulcers may fail of detection as well as those m 
the distal bulb (Kirkhn 84 ) In duodenitis a fleeting glimpse of the bulb may 
cause an ulcer to be overlooked (Kirkhn 84 ) In this connection Garland 01 
stated that m a roentgenologically negative bulb associated with positive 
clinical symptoms, if the symptoms are acute an ulcer may have been missed , 
and if they are chronic, they piobably did not have an ulcer as then cause 
When one of two ulcers or lesions is seen, an incomplete diagnosis may result 
Pyloric block, so complete that the pyloius or the bulb cannot be pioperly 
visualized, may allow no more than the impiession of “pylonc obstruction ” 

The stomach is readily responsive to irregularities of the nervous system 
and the endocrmes, as well as toxic states and infections m remote oigans 
As a result, it must be with caution that physiologic changes are intei preted 
as evidence by themselves, of intrinsic disease (Eusterman 51 ) Boyd 21 de- 
scribes the stomach as weeping for its neighbors, and often so overdoing it as 
to obscure the basic source of trouble 

Despite these potential sources of error the accuracy with which the 
ti amed loentgenologist detects duodenal and gastnc lesions is very gieat 
Carman 20 leports accurate diagnoses in 96 per cent of peptic ulcers Emery 
and Monroe 48 m 93 per cent, and Blackford and Dwyei 17 in 83 per cent 
Smithies’ 138 accuracy was 85 per cent in gastric cases, while that of Millei, 
Pendergiass and Andrews 104 was 94 per cent m duodenal and 88 per cent in 
gasti ic 

Table VII records the roentgenologic findings 111 this senes These cases 
weie examined by workers of greatly varying experience in roentgenologic 
methods There did not appear to be any association between the position of 
the stomach and the presence of ulcer Irregular, sluggish and absent peris- 
talsis was more frequently recorded m association with gastric than with 
duodenal ulcers, but this disturbance m physiology was not consistent enough 

In accord with the findings of others, retention was more marked in 
patients with gastric ulcers than 111 the duodenal or combined ulcer gioups 
This was also tiue of delay 111 emptying as seen fluoroscopically When 
retention was found, the portion of the motor meal, which was present after 
six hours, was greatest 111 the combined ulcer cases, being almost twice the 
amount estimated in the other gioups In this connection it is of mteiest that 
pylorospasm was noted less fiequently in the gastric group, indicating that 
such an obstruction piobably does not account for retention as often as dis- 
tuibed motility and peristalsis 

A lesion was seen 111 320 (98 per cent) of the 326 cases examined loent- 
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genologically The finding of a ciatei led to the diagnosis of gastric ulcer 
in 53 of the 6o cases conectly mterpieted Of the lemainmg seven instances, 
tin ee iveie piepylouc ulceis in which antial spasm led to the diagnosis al- 
though no ciatei was seen Two w r ei e “houi -glass” stomachs in which the 
ciatei could not be demonstiated One was a healed ulcer which had caused a 
defect oi stiffness in the gastnc contour, and the last w r as an ulcei in the 
pyloius, causing complete obstiuction and letention Of the duodenal ulcers, 
a ciatei w'as seen in 24 pci cent of instances This is the usual figure where 
no special technics are used In all othei patients with duodenal ulcer the 
1 oentgenologic diagnosis w r as made when bulbai deformity was seen 

Two bundled eighty-eight of the 326 cases w'cic accurately diagnosed (88 
pei cent) Ninety-five pei cent of the duodenal cases were correct, 80 per 
cent of the gastnc, and 55 per cent of the combined About one-third of 
all the enors fell m this last gioup, 13 cases in all I11 12 of these the error 
was 111 failuie to see both lesions Ten of the 12 “missed” ulcers w’eie gastric, 
and ciatei s could be seen on icviewung the loentgenogiams m nine instances 
The othei two “missed” ulceis w'eie duodenal, one of wdnch had caused 
bulbai defoinuty which w'as seen on leviewung the films The other error m 
the combined gioup w'as in a case 111 wdnch the ulcer involved the pylorus, 
an impiession that the lesion w'as malignant having been given 

Tlnee gastnc and thiee duodenal ulceis w'ere not seen One gastnc diver- 
ticulum, and the maikedly hypei ti opined folds associated with ulcer, w'ere 
consideied as ulcer and polypi lespectively In the bulb one ulcei w r as called 
a diverticulum and anothei w'as attnbuled to periduodenal adhesions A 

thud case had a defoimed bulb due to an ulcer wdnch w'as thought to be 

due to external piessuie The lemaming errois show'll in Table VII are self- 
explanatory 

Summary — An analysis of 520 ulcei patients has been presented In- 
sofar as possible comparable findings fiom similar material examined by 
others has been recoided, and the opinions of the waiters noted Comment 
has been made, where possible, on the association of the clinical, pathologic and 
1 oentgenologic findings 

It is lecogmzed that this gioup of cases is selective and cannot, theiefore, 
be considered as giving “typical” statistics This slioi tcoming, howevei, is 
somewhat ovei balanced in that the cases aie all “pi oven ” I11 order that the 

source of each finding may be judged, the tables include the results of the 

analyses of autopsy and opeiated cases 

CONCLUSIONS 

It would seem, fiom this study, that 

(1) Statistics relative to peptic ulcer vary considerably, due to the source 
of the material and the intei pretation of the authoi 

(2) Ulcers arise m an aiea of alimentary tract mucosa where the lesistance 
has been lowered and where gastnc juice may exert an injurious effect 

(3) Peptic ulcers occur in from 1 to 2 per cent of the population as a 
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whole, and in about the same fiequency m geneial hospital admissions 
They aie encountered about three times as often as this in postmoitem studies 

(4) Both duodenal and gastric ulcers aie more frequent in men than m 
women 

(5) There is no lacial selectivity 

(6) Patients with gastric ulcer averaged older than those with duodenal 
ulcer, and the peak incidence was between 40 and 50 years of age 

(7) Duodenal ulcers are more frequent than gastnc Acute ulceis aie 
more fiequent in the stomach than 111 the duodenum, which may account for 
the discrepancy between clinical and pathologic statistics 

(8) Ulcers of both the stomach and the duodenum aie piesent 111 about 
10 per cent of ulcer patients 

(9) Pathologically, gastric and duodenal ulcers are essentially similar 

(10) Benign gastric ulcers are moie frequent on the lesser curvatuie, 
within 5 cm of the pylorus 

(11) Duodenal ulcers are more frequent within 1 cm of the pylorus, and 
aie practically limited to the bulb 

(12) Gastric ulcer craters are usually less than 3 cm 111 diameter and 
those of duodenal ulcers are usually under 1 cm 

(13) Perforation occurs 111 about 5 to 10 per cent of hospitalized peptic 
ulcer cases 

(14) Hemorrhage of some degree is piesent in about 20 pei cent of hos- 
pitalized ulcer patients and m 10 per cent of all ulcei cases 

(15) Carcinoma arises m gastric ulcer m 5 to 10 per cent of cases 

(16) The mortality due directly to peptic ulcers is about 2 to 5 per cent 

(17) No direct association between disease of the gallbladder or appendix 
and peptic ulcer could be demonstrated 

(18) The symptomatology of peptic ulcer is maiked by 1 emissions and 
exaceibations, and is subject to seasonal vanations 

(19) Pam, the most important symptom of peptic ulcer, beais a definite 
relationship to eating It occurs earlier m gastnc than 111 duodenal lesions 

(20) Local tenderness is the most constant physical finding 111 peptic ulcer 
patients 

(21) The diagnosis of duodenal ulcer loentgenologically depends upon 
the demonstration of a definite crater or a defoimed bulb The diagnosis of 
gastric ulcei depends upon the demonsti ation of a crater and of abnormal 
physiologic behavior or defoimed anatomic stiucture 

(22) Retention after six houis is more frequent m the presence of gastnc 
than of duodenal ulcers, although the amount of retention is slightly greater 
m the latter Gastric ulceis which cause retention may be remote from the 
pylouc nng 

(23) Gastric penstalsis is apt to be hypei active m the piesence of a 
duodenal ulcei, and gastnc tone and motility may be mci eased 

(24) Duodenal ulcer causes spasm and scan mg m the bulb, and the de- 
f 01 nnty so produced is almost always due to such a lesion 
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CHANGING METHODS IN THE SURGICAL TREATMENT OF 

PEPTIC ULCER* 

A STUDY OF THE CASES OPERATED UPON AT THE ROOSEVELT HOSPITAL, 

NEW TORK 

Condict W Cutler, Jr , M D 
Nj w ^ ouk 

from Tiir mirc-icai huimcks of thi roohumt jiohiitu, nfu tork 

In no field of sutgery has theie been displayed a greatci intei est than in 
that of the treatment of ulceis of the stomach and duodenum, and in none, 
during recent )eais particulai ly, has there been manifested a wider divergence 
of opinion The story of ttlcei surgen is not, in point of time, a long one, but 
m its bnef couise, seveial significant changes in point of view have occurred 
It may be of intei est to leview a part of this story, considering these 
changes, as lllustiated by the expenence of one hospital — the Roosevelt As a 
lesult of clinical expenence tluough the jears, how do our policies and pro- 
ceduies in 1 elation to peptic ulcei diflfei now' from those of an eailier day 7 
What has hi ought about these changes m oui attitude toward this problem 7 
It is not piesumed to attempt heie, by the piesentation of a gieat amount 
of clinical material, noi of a mass of statistical data, to piove the validity of 
any paiticular therapeutic method, nor even to justify, on such a basis, the 
position in which we now stand The puipose of this paper is merely to 
record the events of a clinical e\pei lence w'hich w'e believe to be fairly typical, 
and which may serve to indicate the ti end and pi ogi ess of peptic ulcer therapy 
Major surgeiy of the stomach is so much an accepted matter of usage to- 
day that it is a little difficult to realize how shoit a distance W'e are ftom its 
beginnings In Ashuist’s International Encyclopedia of Suigeiy, published 
in 1884, Hemy A Moms 1 had this to say concerning it “Gastio-enterostoniy 
is an operation which has been pioposed for those cases of cancer of the pylorus 
m which excision is not possible It w r as perfoimed foi the first time by Di 
Anton Wolflet, in Vienna, and has since been rej^eated by Billioth This 
mode of tieatment ajipears to have been devised on the sjxir of the moment, 
aftei an exploiatoiy incision had been made in the abdomen of a man who 
w'as suffering fiom cancer of the pyloius, and in whom the operation foi re- 
moval of the tumor proved to be impossible ” Rej)ort of this case w r as pub- 
lished in 1881 Paitial gastrectomy, 01 pylorectomy, w'as fiist performed by 
Pean of Pans, in 1874, but his patient died on the fifth day He continues 
“The fiist successful lesults weie obtained by Billioth and Wolflei Though 
it has now' been perfoimed 30 times 01 moie, the opeiation still has about it so 
much of the natuie of an experiment — perhaps even of a mere surgical exer- 
cise — that it is not possible to describe it as a thoioughly recognized suigical 

* Read before the New York Surgical Society, March 9, 1938 Submitted for pub- 
lication, February 9, 1938 
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proceeding ” It has been proposed, he said, for cancer and cicatncial stenosis 
of the pyloius “with most disastrous consequences” “Twice at least, and 
successfully, it has been done for simple chronic gastric ulcer , and once, also 
successfully, for stricture of the pylorus following penetrating ulcer ” 

What advances occuired during the succeeding 20 years in technic, and 
hence in surgical boldness in attacking the problem of peptic ulcer, may be 
gathered from a paper by Brewer, 2 111 1907, entitled “A Critical Review of 
a Recent Series of Operations Upon the Stomach ” In it, he reported 17 cases 
of suspected peptic ulcer operated upon by him at the Roosevelt Hospital Of 
these, 12 showed anatomic lesions while five did not, the diagnosis having been 
made purely upon clinical observation He deplored the lack of a certain 
method of diagnosis, and propounded, as a result of his experience, the fol- 
lowing indications for the treatment of benign lesions of the stomach 

(1) Intelligent medical treatment m all primary cases of simple round 
ulcer If unrelieved after six weeks of this treatment, operation 
should be advised 

(2) Operation 111 all cases of indurated chronic ulcer, and in all cases 
of recurrent symptoms after primary cure 

(3) Operation in all cases of pyloric stenosis, excepting those due to 
gummatous infiltration 

Rodman, 3 in 1914, drew a shaip distinction between the treatment of 
gastric and of duodenal ulcerations He had advocated, since 1900, the 
employment of pylorectomy and partial gastrectomy or excision of the ulcer 
bearing area in the ti eatment of gastric ulcer, especially m the pyloi ic region 
He condemned the use of gastro-enterostomy alone in the treatment of these 
lesions, feeling that it failed to protect against the dangers of carcinoma, 
hemorrhage, and perforation He had collected and published, at the same 
time, reports of 205 pylorectonues, with 18 deaths, a mortality of 8 7 per cent 
Of local ulcer excisions, there were 171, with three deaths, or 1 75 per cent 
During the years 1912-1914, the writer assisted at an interesting and sig- 
nificant series of observations then being conducted by Brewer and Cole 4 
The question raised was “Is there reason to believe from our present ex- 
perience that the roentgen ray will eventually prove as valuable for the diag- 
nosis of surgical lesions of the stomach and duodenum as for the diagnosis 
of fiactures and urinary calculU” The lack of a ceitam diagnostic proceduie, 
which he had deplored 111 his earlier paper, had continued to trouble Brewer, 
and in characteristic fashion he had proceeded to do something about it The 
results seemed to give an affiimative answer to the question While the first 
roentgenograms of the stomach employing contrast medium were reported 
by Hemmeter, 111 1896, Cole now added the principle of serial pictures, which 
gieatly increased the value and accuiacy of the studies 

Brewer and Cole teported 27 cases, which had been studied and opeiated 
upon In 22 cases, in which a definite diagnosis was made roentgenologically, 
20 showed the diagnosis to have been correct Of five cases in which an 
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opinion only was expressed, based upon the loentgenologic findings, four 
showed the opinion to have been coneet The gioss icsult was 89 per cent 
accurate diagnoses 

This sti iking advance in diagnostic accuiacy was not hailed with complete 
enthusiasm in all quaiteis Theie was some dififeience of opinion as to its 
value Bevan, foi instance, in discussion of the papei, said of the roentgeno- 
logic method of diagnosis “It is of vciy little value m duodenal ulcer, in 
not one case out of ten is it of value ” 

It is certain, in any event, that the diagnostic aid offered by roentgenologic 
examination materially mci eased, m our institution at least, the activity of 
stomach suigery I11 1915, Peck”’ lcpoited 134 opeiations upon the stomach 
for benign lesions, peifoimed at the Roosevelt between 1910 and 1915 They 
were foi Chronic duodenal ulcei , 74 , chi onic gasti ic ulcei , 24 , cln 0111c gastric 
ulcer with hour-glass defoimit}, six, peifoialed duodenal ulcei, 17 (a sur- 
prisingly low figure, compaiatively) , and peiforated gastnc ulcer, 13 He 
observed that modem suigeons of 0111 time have “made safe and a matter of 
loutme opeiations which a few bnef yeais ago weie hazardous in the extreme 
and uncertain of outcome ” He pointed out that at the Roosevelt Hospital 
gastro-entei ostomy had been the loutme tieatment of chi 0111c ulcer of the 
duodenum, and that pylonc exclusion or excision of the ulcer had been rarely 
lesoited to Gaslro-enterostomy had, 111 fact, been perfoimed 111 72 of the 
74 cases of duodenal ulcei (one pyloiectomy and one exclusion accounted for 
the other two) Theie had been six deaths, 01 8 1 pei cent moitahty He 
leported 58 of these cases tiaced subsequently Of these, 51 had remained 
cured, five improved, and two were ummpi oved Thus, he estimated 68 9 per 
cent of all opeiated upon as cuied, and 88 per cent of those traced He en- 
countered no case of gasti ojejunal ulcei ation 

In accord with Rodman and eaihei authors, he piefeired excision in the 
treatment of gasti ic ulcers Of the 30 he reported, 13 leceived gastro-enteros- 
tomies, and the lemaining 17 had partial gastrectomies or local excision 01 
cautery puncture in addition Of the 13 simple gasti o-enterostomies, two 
died after operation, two “subsequently,” one developed carcinoma, one was 
unimproved, and seven weie well seven months to five years afterwards 
He concluded that for gasti ic ulcers at 01 neai the pyloi us, a pylorectomy was 
best, while for those situated on the lesser curvatuie in the pyloric or middle 
thud areas, local excision, preferably with gastro-enterostomy, was indicated 
A good gastro-enterostomy stoma, he believed, would continue to function 
in spite of a patent pylorus, and a functioning stoma would usually be accom- 
panied by a clinical cui e 

The succeeding ten yeais maiked a period of gieat activity in the surgical 
tieatment of gastnc and duodenal ulcer at the Roosevelt Hospital With the 
benefit of quite accuiate 1 oentgenologic diagnosis, an improved opeiative 
technic and the assurance gained from the observation of satisfactory lesults, 
an increasing number of cases were submitted to operation Over a period 
of ten yeais, fiom 19 17-1927, an average of 50 cases a year were operated 
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upon The gieat majority of these weie cases of duodenal ulcei, upon -which 
412 gastro-enterostomies were performed It was the exception, during this 
period, that such cases leceived preliminary medical treatment, at least m the 
hospital Customarily, the diagnosis having been established by clinical find- 
ings and roentgenologic examinations, operation was performed rather 
promptly The feeling prevailed, at least among the surgeons, that peptic 
ulcer was essentially a surgical disease and that the surgical treatment ac- 
corded it was in the mam satisfactory 

It is undoubtedly tiue that among medical men and gastro-enterologists, 
at least, this attitude was senously questioned Among others, it will be 
remembered, Bastedo, in this city, valiantly upheld the claims of medical 
treatment The liteiatuie of the time reflects the controversy which raged 
between the proponents of the two types of treatment in all parts of the 
countiy As time elapsed, it became increasingly evident that the claims for 
medical treatment in peptic ulcer, supported by a gi owing mass of reported 
lesults, were not to be denied 

Peck 6 recognized this clearly, and stated, m 1924, that “We agree with 
the internists that eaily, uncomplicated cases (of duodenal ulcer) should first 
receive medical treatment and that a considerable number of patients aie 
cured, or at least kept in reasonable comfoit for long periods of time We 
pi efer that patients should have had a thoi ough and intelligent trial of medical 
treatment before surgery is considei ed ” 

In this paper, he brought up to date his repoit on the results of his ulcer 
surgery at the Roosevelt Hospital Since his pievious report on 74 cases, 
in 1914, he had operated upon 122 additional cases of chronic duodenal ulcei, 
or 196 in all Gastro-enterostomy had been peifoimed in 191 cases, pylorec- 
tomy in three, pyloric exclusion 111 one, and simple excision 111 one Sixteen 
deaths occurred 111 this gioup, a moitahty of 8 pei cent As to late results, 
one case was reopeiated upon for gastrojejunal ulcer, and one, after eight 
years, for a “ligid stoma” Foui patients had lecurrence of pain and indi- 
gestion 

As a result of this continued experience, he stipulated his choice of pio- 
cedure m various types of duodenal ulcei (1) Small, single, antenor wall 
ulcers without nai rowing of the gut might have local excision without gastio- 
enteiostomy (2) Chronic, induiated ulcers, without obstiuction, including 
the chronic peiforatmg variety, might be tieated by gastro-enterostomy which, 
alone, would cure a Iaige peicentage In the more severe cases, a two-stage 
operation might be employed (gastro-entei ostomy, followed by resection 10 
to 14 days later) as a safer and easier method than primary resection (3) 
For cases with duodenal stricture or so-called pylouc stenosis, gastro-enteros- 
tomy was ideal (4) For cases in which severe hemorrhage had occurred, a 
gastro-enterostomy plus excision of the ulcer area was adrocated 

In these recommendations, a trend ton aid a slightly more ladical attitude 
begins to be apparent, though Peck was by no means ready to accept the teach- 
ings of some of his contemporaries In fact, in this paper he said “We hare 
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been consideiably distuibed by the tenoi of several papers and discussions, and 
the attitude of a numbet of pionnnent stugeons, as expressed at recent im- 
portant meetings, notably m the New Yoik Suigical Society, during the 
past year The attitude which disturbed us was the tendency to advocate 

lachcal measuies of lescction, often of large poitions of the healthy stomach, 
foi the surgical cure of this disease ” “Oui own expei icnce and belief is,” he 
continued, “that simple gastio-entci ostomy, propeily peifoimed, is curative 
and adequate m the gieat majority of chronic duodenal ulcers That from 
So to 90 per cent of the patients so tieated are completely relieved of their 
symptoms and lemain well as they are followed year after yeat ” Further 
“We do not believe that gastio-entei ostomy should go into the discard in 
the tieatment of duodenal ulcer, nor do wc believe that extensive resections 
of normal stomach aie justifiable foi this lesion ” And again “We are un- 
convinced that lesection to pi event the formation of gastrojejunal ulcer is a 
pioper procedure in the 98 cases who do not need it to possibly avoid its oc- 
cuirence in the otliei tw r o ” 

His attitude 111 the mattei of gaslnc ulcer was quite different as, in fact, 
had been that of almost all suigeons since Rodman’s earlier ohseivations In 
this same paper, Peck 1 epoi ted on 72 cases of gastric ulcer operated upon since 
1910 He did not analyse these cases in detail, hut expressed his opinion 
concerning then appiopnate tieatment “Eiadication of the ulcer should be a 
part of whatevei opeiative pioceduic is adopted,” he said I-Ie advocated usu- 
ally a local excision of the ulcei 01 its cautei ization wuth a gastro-enterostomy 
added Gastio-entei ostomy alone, he felt, w'ould fail to effect a cure in many 
cases, and apprehended the risk of malignancy In many instances, however, 
where excision might piove too seveic foi the patient, a gastro-entei ostomy 
would be palliative, sometimes cuiative In ulcei s near the pylorus, he felt 
that partial gastrectomy w r as usually the best pi ocedui e 

I have dw r elt at some length upon this papei of Peck’s, not only because 
it represents the pi evading attitude at that time, but also because it expresses 
the philosophy upon which the treatment of peptic ulcei at the Roosevelt Hos- 
pital was then based, and upon which oui method and teaching were piedicated 
for many yeais With this point of departuie, accepting this point of view 
as fixed, let us cany foiwaid the lecoid of ulcer tieatment at the Roosevelt 
Plospital, bunging Peck’s repoit up to date 

Since Peck’s report, that is fiom 1924 through 1937, there have been op- 
erated upon at the Roosevelt Hospital 262 cases (269 operations) for chronic 
ulcei s of the stomach and duodenum, exclusive of opeiations for acute per- 
forations of primal y ulcei s It is of interest to observe that yeai by year the 
number of operations performed for these conditions has gradually diminished, 
and this without a significant diminution of the number of cases admitted 
In 1926, for instance, there weie 46 such operations, in 1936, but 12 This 
change has been due primal lly to the increasing lecogmtion of the fact on 
the part of the surgeons that careful medical management is capable of reliev- 
ing or controlling a very considerable number of these cases Sandweiss 7 
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has recently pointed out, following a careful study of 291 cases, that 90 per 
cent were rendered symptom-free after a diet-alkah-rest regimen, and that 60 
per cent of those resisting this form of treatment responded to some other 
type of nonsurgical management (injection treatment, release of “tensional 
states”) We have, as the result of experience and observation, come to the 
same conclusion as Rankin 8 who says that “The surgical treatment of peptic 
ulcer is the treatment of its complications” — obstruction, peiforation, repeated 
hemorrhage, intractability, questionable malignant degeneration We feel, as 
does he, that surgery is indicated only in cases where the medical regimen 
has failed, or where the above complications have resulted 

In fact, it is our piactice now to consider all cases of chronic peptic ulcer 
as medical problems, primarily, and to admit them directly to the medical 
wards In this, we are but carrying to its logical end the principle enunciated 
by Brewer, in 1907, and leaffiimed by Peck, 111 1924 In the development of 
this policy, a considerable change has gradually taken place 111 our census of 
ulcer patients While 111 the penod from 1914-1924, the average admission 
of chronic ulcer cases to the surgical wards was 39 per year, and to the med- 
ical wards 11 per year, m 1931 the medical waids were receiving 60 pei yeai 
and the surgical 26 This change has been fully justified by the results ob- 
tained in simple primary duodenal and gastric ulcer by medical treatment 
The records of the medical service show that 170 of 192 cases, or 88 per cent, 
of primary peptic ulcer admitted during the last five years were dischaiged 
symptom-free We aie in substantial agreement with Ochsner, 9 when he says 
“It is our firm conviction that there is no surgical treatment of peptic ulcei, 
and that surgery is indicated only when theie are complications ” 

Not only is no patient now opeiated upon at the Roosevelt Hospital foi 
chronic peptic ulcer without having had a thorough, controlled, and efficient 
course of medical management, but each case for whom operation is pioposed 
must be passed upon by a “court” consisting of physician, surgeon, gastro- 
enterologist, and roentgenologist By this method of conseivatism, the patient 
is given the full benefit of a thorough survey of his problem In these con- 
feiences, we find ourselves guided to our conclusion as to the appiopi lateness 
of opeiation fiist by the patient’s age and a consideration of his geneial condi- 
tion , next, by the diagnosis of his lesion, determined as accurately as possible 
by a combined study of his histoiy, physical and laboratory findings, and 
roentgenologic examination , next, by a careful evaluation of the rationale 
and thoroughness of his pievious course of treatment, and finally, the gen- 
eially accepted cntena for the necessity of operation, so well expressed b) 
Labey, 10 aie applied (1) The peisistence of pain 111 spite of a good trial of 
adequate medical management (2) Persistent or lecurrent pyloric obstruc- 
tion (3) Massive, recurrent hemorrhage in which fatality is threatened (4) 
When recunent hemorrhage occurs, e\en if symptoms are controlled In 
treatment (5) When a lesion of the stomach pioves intractable to adequate 
tieatment or suggests the presence of mahgnanc} In applying these fi\e 
critena, we give consideiable n eight to the changes in appearance of the lesion 
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by loentgenologic study, as supplementing oui intei pretation of clinical re- 
sponse 

This plan, as now piacticed, has been of giadual development In study- 
ing oui operated cases since 1924, it is impossible to fix a date upon which 
this plan became effective 111 conti oiling oui ptoccdurcs These, it will be 
seen, have undergone a slow but steady change Due, in large measure, to 
the application of these pi incipics, there has been a giadual decline in our 
utilization of the less ladical surgical measuies The intractable type of 
cases accepted foi operation have, in other words, demanded, for the most 
part, more ladical suigeiy (as Peck himself lecognized in his paper in 1924) 
than was previously accorded to the simple ulcer cases when more were being 
opeiated upon Thus, foi instance, while from 1924-1937, 148 gastro- 
enterostomies were peifoimed, they show, )eai by yeat, a giadual diminu- 
tion The lecoid for ten years of this opeiation foi duodenal ulcer was as 
follows 1926, 27, 1928, ten, 1930, six, 1932, tlnee, 1934, two The resec- 
tion type of operation (Polya and Bilhoth II) for this lesion has shown, on 
the other hand, a gradual mciease For example 1927, one, 1929, two, 
1935, three, 1936, four 

A study of the entne group of operations dui mg this penod may be inter- 
esting for companson with the eailici group, as indicating certain other trends 
in our approach to the problem Table I shows the number and results of 
operations upon cases of chronic duodenal ulcer Gasti o-enterostomy, it will 
be seen, far outnumbers the other opeiations Its good results compare fairly 
well with Peck’s earliei senes, its bad results (16 pei cent) are nearly the 
same, and its mortality (6 per cent) a little less The late results, in all 
instances, are determined upon the basis of at least a yeai of postoperative 
observation, some run as long as nine years 

Table I 

CHRONIC DUODENAL ULCER 


Operation 

Num- 

ber 

Good Results 
Early Late 

Poor 

Results 

Died Percentage 

Gastro-enterostomy 

148 

45 

7 i 

24 

9 6 

Pyloric operations 

21 

5 

12 

4 

0 

(Horsley, Finney, Judd) 
Polya 

10 

3 

7 

0 

0 


Billroth I x i 


Table II analyzes the pool late lesults of these operations, and indicates 
the causes of deaths m each, and the eaily postoperative surgical complica- 
tions encountered The single case of Billroth I proved disappointing, devel- 
oping obstruction at the stoma one year latei and requiring gastro-enterostomy, 
as did one Horsley piocedure six months after its performance It is reason- 
able to suppose that these late difficulties may have been due to technical 
imperfections in the original procedures With the one exception noted, the 
pyloroplastic operations gave good results and were unattended by either late 
or early complications as far as they have been followed The Polya opeia- 
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tions, though few, had no mortality, and as yet no complications, though three 
of the ten have not been traced 


T\ble II 


Early Surgical Complications (Survived) 
Hemorrhage (postoperative) 
Obstruction (+ entero-enterostomy) 
Abscess 
Evisceration 

Causes of Death 
Peritonitis 
Embolism 
Shock 
Cardiac 

Obstruction (+ entero-enterostomy) 
Evisceration 


Pyloro- Billroth 

plasty Polya I 

(20) (10) (1) 


Poor Late Results 
Pam, vomiting, or both 
Recurrence of ulcer 
Recurrent hemorrhages 
Marginal ulcer 
Gastrocolic fistula 
Obstruction 


CHRONIC DUODENAL ULCER 

Gastro- 
enterostomy 
(148) 

(11) 

1 

7 

1 

2 

( 9 ) 

3 
1 
1 

1 

2 

1 

(24) 

16 

4 

2 
1 
1 


( 4 ) '!) 

3 


I I 


Although they play no part in this study, it may be interesting to note in 
passing that eight cases of acute perforation of duodenal ulcer received a gastro- 
enterostomy in addition to ulcer closure Three of these died, a mortality 
of 37 per cent, and we have abandoned the procedure except as a matter of 
inescapable necessity 

The attitude toward gastric ulcer, even from the earliest days, has been 
marked by a desire on the part of the surgeon to rid his patient of a menacing 
pathology Whether one believes, with Lahey, 10 that cancer does not super- 
vene 111 more than 5 to 6 per cent of gastric ulcer, or with Hinton, 11 who 
expresses doubt whether this ever occurs at all, or whether one is uncertain 
on the question and takes into consideration only the dangers of hemorrhage 
and perforation, one must agiee with most surgeons that the unhealing, in- 
tractable stomach ulcer is better out than 111 As 111 the cases of duodenal ulcer 
111 this series, most of the gastro-enterostomies, with or without ulcer excision, 
were perfoimed 111 the eailier yeais But two gastio-enterostomies have been 
perfoimed for chiomc gastnc ulcer since 1931 The Polya opeiations aie scat- 
tered pietty well thioughout the senes 111 point of time, but distinctly out- 
number the gastro-entei ostomies dunng more recent years 

The results of these operations foi ulcer of the stomach are shown in 
Tables III and IV The lelatively high mortality among the simple gastro- 
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enterostomy cases is m some degree attributable to the fact that this opera- 
tion was moie likely to be perfoimed, as a less seveie piocedure, on the more 
debilitated patients Undoubtedly, though, whatever the operation, the gastric 
ulcer patient appeals to be a poorer lisk from the suigeon’s point of view 
Gastro-entei ostomy with local ulcer excision oi cauterization, perhaps because 
applicable to the smaller and simpler ulceiations, gave the best eaily results 
in this gioup 

Table III 

CHRONIC GASTRIC ULCER 



Num 

Good Results 

Poor 

Percent- 

Operation 

ber 

Early 

Late 

Results Died 

age 

Gastro-enterostomy 

17 

4 

5 

3 5 

30 

Gastro-enterostomy + local ex 






cision or cauterization 

15 

6 

7 

2 0 


Polya 

21 

5 

12 

1 3 

14 

Billroth I 

2 


2 

0 


Billroth II 

I 


1 

0 


Sleeve resection 

I 


1 

0 




Table IV 





CHRONIC GASTRIC 

ULCER 





Gastro- 

Gastro-enterostomy + 




enterostomy 

Excision or Cautery 

Polya 



(i 7 ) 


( 15 ) 

(21) 

Early Complications (Survived) 





Obstruction 




1 

1 

Hemorrhage 


2 




Causes of Death 


( 5 ) 


(0) 

(3) 

Cardiac 


1 




Shock 


1 




Evisceration 


2 




Uremia 


1 




Peritonitis 





2 

Pneumonia 





1 

Poor Late Results 


(3) 


(2) 

(1) 

Pain 


2 


1 

I 

Developed carcinoma 


I 




Recurrence of ulcer 




1 



These tables, representing the tieatment accorded to primary ulcerations 
of the stomach and duodenum, do not by any means tell the whole story 
There is another group of cases representing late results and complications 
of previous ulcer surgery that is very significant These cases, shown in 
Table V, have been the most difficult to deal with technically and have 
often presented problems of some complexity They are interesting as 
showing what may, and frequently does happen to the patient upon 
whom some surgeon has previously exercised his best judgment and 
skill It is the occurrence of these cases that it should be our particular aim 
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to pi event The cases m this gioup have come to us fiom vai ious sources, 
some from oui own sei vices It is of mtei est to note that, with the exception 
of one Polya resection that suffered an acute perfoiation of a gastrojejunal 
ulcer at the end of six months, all the othci complications occurred from 
one to 18 yeais aftei the ongmal opeiation Of the 14 complications follow- 
ing gastro-entei ostomy, five occuired moie than ten years after the primary 
operation It is obviously unfair to evaluate the lesults of any of these gastric 
opeiations upon the basis of “five-year cures,” 01 m fact upon any arbitrary 
time standard Neithei is it fan, since in any series so many cases are lost 
tiack of in the couise of time, to considei all cases as cured who fail to return 
even after seveial years of follow-up 

It is, among othei things, this difficulty in e\aluatmg late-iesults that has 
led to such difiteiences of opinion as to the proper choice of operation for 
chronic peptic ulcer To gam some idea of the scope of this conti oveisy, a 
considei ation of Fogelson’s 12 exhaustive leview of lecent hteiature is recom- 
mended The comments of authonties on both sides of the question of radical 
surgery as opposed to conseivative opeiations aie impressive, but confusing 
The present contribution, with its small numbei of cases, cannot hope to add 
much to what has been said and written by so many Yet the expenence that 
these cases represent has been important to us, and has led to a certain view- 
point which may be briefly expressed 

As to chiomc duodenal ulcer, we now feel that once the resources of med- 
ical treatment have been exhausted, without lasting benefit to the patient, he 
should be operated upon This naturally bungs to suigery a group of cases 
suffering from scarred or scleiosing ulceis, ulcers penetrating the head of the 
pancreas, ulcers invading blood vessels (usually in the pancreas), and ulcers 
which have caused duodenal 01 pyloric stenosis F01 such ulcers, especially 
in the younger age gioup with high gastnc acidity, we believe that extirpation 
of the ulcer and removal of the most actively acid-seci etmg poition of the 
stomach is best In this, we find oui selves in agi eement with Balfoui , 13 
who feels that in such cases, where motoi and secietory activity aie marked, 
the recurrence rate of ulcer is likely to be high While lesection, of the 
Billroth II or Polya type, he finds, may lesult in subsequent jejunal ulcei, this 
is less likely to occur than in gastro-entei ostomy, and recommends, as do 
Ochsner 9 and Engel 14 that such a lesection should be pei formed quite high in 
the stomach Page and Rankin 15 continue to suppoit gastro-enterostomy as 
satisfactorily altering the mechanism and chemistiy of the stomach Snell 1(l 
claims a 30 to 50 per cent 1 eduction of acidity following this operation 
Engel 14 feels that the effects on neutiahzation and on pepsin action by this 
means are greatly overiated Ochsnei 9 believes that the employment of a 
gastro-enterostomy m such actively secreting stomachs, subjecting a susceptible 
part of the intestine to the action of acid chyme, is an unwise pioceduie, and 
that it favois the development of marginal 01 jejunal ulcers 

While we have insufficient data 111 our own series to indicate the late re- 
sults of oui own resections, we have been impressed by the satisfactoiy eaily 
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i ecovery of those patients, and by the fact that the mortality has been low, even 
as compared with gastro-enterostomy (no death in ten cases of resection, 
6 per cent in 148 patients with gastro-enterostomy) The late, unfortunate 
complications of previous gastro-entei ostomies seen in this series have no 
doubt influenced us as well, and have led to the feeling that, 111 this particular 
type of case, resection gives the better hope of ultimate success The first 
surgical operation perfoimed upon a patient presents the best opportunity for 
securing a lasting good result The technical difficulties and dangeis of sec- 
ondary opeiations are too gieat for comfort 

In the class of patients with very high acidity, we believe that pai tial 1 esec- 
tions of the stomach have certain advantages ovei the pyloroplastic or gastio- 
duodenal anastomosis type of operation (Fmney, Judd, Iioisley, Billroth I) 
Theie is consideiable question, as voiced by Balfour, 13 whether these opera- 
tions m the pyloric area adequately conti ol the factois precipitating ulceiation 
They ai e of distinct value, howevei , 111 cases of long standing pyloric narrow- 
ing, wheie, as m older patients paiticulaily, the acid secreting activity of the 
stomach is appreciably diminished and where prolonged distention of the 
stomach with stenosis and gastiitis has produced a ceitain atiophy of the 
mucosa They have the distinct advantage, too, 111 older patients, of being 
piimanly safer than the moie radical piocedures The same may be said as 
regai ds the applicability of gastro-entei ostomy We would reserve this opeia- 
tion, in duodenal ulcer, for cases of stenosis with subnoimal gastric acid values 
In these, its results have been most satisfactoi y 

In the peiformance of resections for duodenal ulcer, it is ideal to remove 
the ulceiated aiea at the same time This, however, owing to maiked involve- 
ment of the pancreas or to a somewhat debilitated condition of the patient (as 
m bleeding ulcer, for instance), may not always be expedient, as it may involve 
too grave a risk Then, as Lahey 10 recommends, the ulcer may be left in situ, 
though now piotected fiom further chyme irritation, with very good prospect 
of a satisfactoi y lesult Occasionally, lecuirence will be seen, but this must 
be weighed against the lisk involved in resection for the particular case In 
the cases of repeated, bleeding duodenal ulcer, it has been our practice not to 
mteifere surgically until the hemoirhage has been controlled and the patient 
lestoied, as far as possible, to good condition The moitahty from primary 
hemorihage, we believe, is not so great as would be the case were surgery 
employed in the instance of dangerous, apparently uncontrolled, bleeding 
Even though we are peifoimmg moie lesections than gastro-enterostomies, our 
views on the suigical treatment of chronic duodenal ulcer still agree definitely 
with those of the less radical school Rankin, 8 one of the chief proponents of 
conseivative stomach suigeiy, says, as did Peck, that the cases of lecurrent 
hemorihage, of ulceis penetiatmg the head of the pancreas, and of ulcers 
which aie intractable owing to induration, infiltration, and presence of exces- 
sive callous, ment lesection With the method of case selection we now 
employ, and opeiatmg as we do, m consequence, on fewer patients, \\e find 
that such cases as he considers piopei subjects for lesection far exceed the 
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io per cent of the whole surgical gioup which is lus estimate of their relative 
occuri ence 

In the field of chionic gastric ulcers, there is, as has been indicated, but 
little question as to the desn ability of the extnpation of the lesion Here, 
the same criteria as to opeiabihty aie lecogmzed as in the case of the duodenal 
lesion, but always with the question in the surgeon’s mind as to the possibility 
of malignancy It is this question, particulai ly, that leads to the more radical 
viewpoint in the handling of these lesions While the local excision or cautery 
puncture of the smallei ulcei, together with gastro-enteroslomy, may sene 
to secuie and maintain a cuie in many cases, we aie inclined to favor resec- 
tion, where the lisle is not too great foi the patient, foi two leasons First, 
by removing the vulnerable aiea of the stomach and by altenng more pro- 
foundly the stomach chennstiy, it makes lecurience of ulcei ation less likely 
Second, it distinctly diminishes the piobabihty of advancing malignancy should 
theie be any suspicion of cancel Balfour 1 ' lepoits 6 pei cent of cancers 
developing after gastro-entei ostomy m cases where the ulcer was not suitable 
for removal It has been amply demonstrated that it is by no means always 
possible to differentiate cancel from ulcer at opei ation, and even in the lab- 
oratory this distinction sometimes piesents difficulties Again, however, 
the risk to the individual patient must be carefully weighed, and the decision 
as to type of opei ation detei mined primarily on that basis It will be recalled 
that, in the present small senes of gastnc ulcers, we had five deaths after 
simple gastro-enterostomy in 17 cases, tlnee deaths in 21 Polyas, and none 
in 15 gastro-enterostomies with local excision, but one of the lattei group (not 
included in the table because review of the onginal sections showed the 
pathology) died later of cancel of the stomach 

The large ulcers, associated, as they often are, with considerable areas of 
surrounding gastritis and frequently with multiple ulcerations, do not lend 
themselves well to local excisions Not only are such excisions and sleeve 
resections open to the same objections as is the excision of smaller ulcers, but 
they present, in addition, fully as great technical difficulty and risk as a well- 
planned resection Moreover, they are likely to leave a deformed and often 
physiologically unsatisfactory stomach In these large ulcers, therefore, resec- 
tion is preferred where the patient’s condition will permit On this matter of 
choice of operation, Balfour 13 says “When partial gastrectomy can be per- 
formed with little moi e risk than excision and gastro-enterostomy, it can never 
be condemned for gastric ulcer ” Hinton 11 thinks the operative mortality is 
too high to warrant resection as a protection against cancer 

In the difficult and complex problems presented by the patient who suffers 
from recurrence of duodenal ulcer, from jejunal or marginal ulcer, or fiom 
stenosis of the stoma following a lesser type of operation, resection remains 
usually the only recouise These secondary operations involve considerable 
technical difficulty and are accompanied by a definitely increased hazard 
While it must be recognized that the mere taking down of a gastro-enteros- 
tomy, or the adding of a fresh one to relieve obstruction is by no means certain 
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to result in permanent benefit, the patient’s individual ability to withstand 
a proposed resection must be taken seriously into account in choosing the 
operation to be performed, and may lead one to choose the lesser alternative 

The question of the patient’s condition and ability to withstand the opera- 
tion that may be planned for him is of paramount importance The success of 
these various operative pioceduies will depend upon the judgment with which 
we apply them, not to the lesion, but to the patient In this regaid, the pro- 
longed period of medical caie that precedes opeiation has proven of great 
help to us m gaming, from the patient’s physician, a cleai idea of his physical 
status The “court” that sits upon his case brings fuither judgment to hear 
upon this point, and tends to curb any undue individual enthusiasm foi some 
particular operative method But whatever progiam is laid down for the 
operation must be subject to vanation, modification, or abandonment by the 
surgeon if the conditions found at operation warrant An inflexible attitude 
of adherence to a set plan is never moie to be deplored than when applied 
to a problem of gastiic surgery 

A further safeguard for the patient lies in his pieparation for the opera- 
tion It is our plan, when all that can be done for him in the way of elimina- 
tion of foci of infection and rectification of constitutional defects has been ac- 
complished during his medical regimen, to give the patient a rather intensive 
pieoperative pieparation Where no contraindication exists, his stomach is 
lavaged once or twice daily for several days to lelieve inflammation, restore 
tone, and overcome retention if it exists During the three or foui days 
piecedmg operation, he is given daily two infusions of 1,000 cc of glucose, 
5 per cent, in normal saline, to build up a good fluid and glycogen reseive 
If his blood count is subnormal, he receives one or more transfusions before 
operation As a regular measure of postoperative care, he receives a trans- 
fusion upon leaving the table, and during the succeeding days, until he takes 
Ins fluids m adequate quantity by mouth, his water balance is kept up with 
sufficient infusions for the purpose, supplemented by tap water by rectum 
Once recovered, experience has amply demonstrated the necessity for pro- 
longed, perhaps permanent, observation and conti ol of these patients with le- 
spect to their habits, activity, and diet 

We are encouiaged m the pursuit of the policies and practices above out- 
lined by the early results in the present group of cases The 14 year period 
covered by this report shows a mortality in Polya and Billroth II resections, 
for all types of pi unary peptic ulcer, of 9 3 per cent This compares favorably 
with the 8 5 per cent mortality of gastro-enterostonnes during the same period, 
when one considers the 16 per cent of lecorded late poor results with gastro- 
enterostomy, as against the 3 per cent of poor results with resection These 
figures, too, do not take into account the cases of secondary complications 
shown in Table V 

We aie yet far from content with the present status of ulcer therapy We 
lecognize, as Ochsner 9 enumerates them, the precipitating factors which lead 
to ulcei formation or piomote its recuuence, namely, hypersecretion, h)per- 
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acidity, focal infections, leflex pylorospasm, and gastnc trauma In the 
conti ol of these, we have piogiessed a little way But the underlying factors, 
the constitutional, predisposing, individual causes of susceptibility to this dis- 
ease still elude us The seaich foi the tiue etiology of peptic ulcei must con- 
tinue to be pursued vigoiously Whethei we shall find the answer in the field 
of the autonomic nervous system, or of the endocrine glands, in the mani- 
festations of toxicity oi of infection, we aie, as Adams 17 points out in review- 
ing the vanous hypotheses, still in the dark For the piesent, we must con- 
tinue to tieat the complications of this disease accoiding to our best surgical 
judgment, but when the tiue key is found, the suigeon may thankfully lay 
down his scalpel and lelegate the conti ol of peptic ulcer to the competent 
hands of Ins medical confi ei es 


SUMMARY 

(1) Oui expei lence at the Roosevelt Hospital is recorded to show how we 
have come to considei clnonic peptic ulcer as essentially a disease for medical 
treatment, and how we have leached the belief that the surgical tieatment 
of ulcei is essentially the tieatment of its complications, lather than of the 
disease itself 

(2) We aie treating to-day, by stttgical intervention, fai fewer cases of 
gastric and duodenal ulcer than was foimerly our practice 

(3) Before being submitted to suigeiy, all cases must have had the bene- 
fit of a carefully controlled medical management 

(4) The decision to employ suigery in a given case rests with a “court’ 
consisting of physician, surgeon, gastio-enterologist, and 1 oentgenologist 

(5) The application of these pi maples has lesulted m bunging to surgery 
a 1 datively laiger number of patients in whom the moie ladical types of opera- 
tion aie required 

(6) The type of operation to be employed m each case is determined by 
ceitain guiding principles 

(a) It must be of such a natuie that the particulai patient can tolerate 
and suivive it 

( b ) It should aim not only at alleviation of symptoms, but should give 
freedom from likelihood of lecui lence or of complications, both 
early and late 

(c) The ideal procedure having been determined, it should be aban- 
doned 01 modified if the condition found at operation warrants 

(7) Careful preoperative preparation of each patient is required 

(8) Careful postoperative management is essential The use of transfu- 
sions after stomach operations has become vntually a matter of routine 

(9) Careful late postoperative management is essential The factors be- 
lieved to have been involved m the original production of the ulcer must con- 
tinue to be eliminated Foi this puipose, a consistent and prolonged follow-up 
is requisite 
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(io) A companson of mortality and results encouiages us in the continued 
employment of the piactices outlined 

(n) We continue, hopefully, to seek the tiue etiology of ulcerations of 
the stomach and duodenum in older that our treatment of them may become 
less symptomatic and more rational 

(12) We believe that futuie success in the tieatment of peptic ulcer lies 
in the direction of its prevention or eaily control, through a better understand- 
ing of its causes and nature, lather than in that of more bnlliant, daring, and 
technically improved surgical attack upon the stomach and duodenum 
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During my eatly suigical ti anting I was taught that acute ulceis of the 
stomach and duodenum weie medical conditions and did not lequne operation 
unless lepeated attempts at cuie had failed 01 complications developed which 
made suigical mtei feience advisable 01 necessaiv 

The next step in my surgical education was the teaching that the simplest 
operation which will lelieve the patient’s symptoms, cure the condition, and 
has the lowest moitahty, is the opeiation of choice As the result of this 
teaching and my own obseivations I have foi a long time been under the 
impiession that gastio-entei ostomy is a very satisfactoiy procedure if applied 
in the cases in which it is indicated, and if pei formed with all the attention to 
detail which it requites Consequently I have viewed with misgivings the 
campaign against this operation and in favoi of loutine ladical piocedures 
It has become, and is my feeling today that such teaching is not in the best 
mteiest of the patient No harm will piobably be done in the laiger surgical 
centeis, because the membeis of then staffs have sufficient matenal to make 
their own obseivations and foim then own opinions But much harm may be 
done by inducing surgeons who infiequently have occasion to peiform an 
opeiation on the stomach to give up a well tried, and on the whole satisfactory, 
opeiation which canies with it a low moitahty, foi a radical piocedure with 
its resultant higher moi tality 

In 01 dei to deteimine whether my impiessions weie eironeous I decided 
to examine the value of gastro-entei ostomy on the basis of my own material 
as well as that of otheis In addition to my peisonal cases I have, theiefore, 
made a study of the moie lecent hteiatuie 

Gastro-entei ostomy was first peifoimed by Wolfiei 1 at Billroth’s Clinic, 
in 1881 The patient was a man with an inoperable cancel of the pyloiic end 
of the stomach Rather than close the abdomen without attempting to give 
lelief, Wolffler decided to make a new opening between the anterioi wall of 
the stomach and a loop of jejunum, and called the opeiation “gasti o-entei os- 
tonne ” The patient recovei ed fi om the operation Soon thei eaftei lus chief, 
Prof Theodor Bilhoth, perfoimed the same opeiation on a similar case This 
patient succumbed as the result of peisistent vomiting An autopsy showed 
that spur-formation, due to piolapse of the intestinal wall opposite the stoma, 
had divided it into two openings, the laigei one communicating with the 
proximal, and only a veiy small one with the descending loop Stomach con- 
tents would thus legurgitate easily into the ascending loop and distend it until 

4 Read before the New York Surgical Society, March 9, 1938 Submitted for publica- 
tion February 23, 1938 
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the pressure projected it back into the stomach, while almost none passed into 
the lower intestine The dangers of anterior gasti o-enterostomy by a \ icious 
circle weie, therefore, recognized early During the following }ears the pnn- 
ciples of the operation were applied to nonmalignant p)lonc ohsti uctions, 
notably by Rydigier, 2 who, in 1884, operated upon an emaciated hoy, age 20, 
with an obstruction due to a stenosmg ulcer, and obtained a successful result 

In order to try to avoid the difficulties of a vicious circle so fiequently 
following a long loop anterior gastro-enterostomy von Hacker s conceived the 
idea of performing a retrocohc, posterior gastro-enterostomy With slight 
modifications or additions this has remained the operation of choice in those 
cases m which no technical obstacles to its performance are encountered 

It is apparent that the operation w^as conceived as a side-tracking pi ocedure 
for the relief of pyloric obstruction, whether malignant or benign The results 
of the opeiation in this type of case w r ere so veiy gratifying, that the thought 
suggested itself to apply the same principle to ulcers not associated with 
mechanical obstruction It was hoped that by putting tbe ulcer at rest by an 
exclusion operation, healing might result The unexpectedly good lesults 
which followed this procedure led to investigations as to the cause of the 
beneficial efifect 

Its action m mechanical obstruction is easy to understand, because theie 
it acts actually as a side-tracking operation and brings relief by drainage Its 
action in ulcer cases without obstruction is not so easily explained If a cei tain 
amount of pylorospasm is present as the result of hyperacidity and irritation 
from a near or more distant ulcer the same explanation may suffice How- 
ever, if there is no obstruction at all the pylorus remains patent after gasti o- 
entei ostomy and food may, and often does, leave the stomach by the twm open- 
ings The opinion then gained ground that the influx of duodenal contents 
thiough the new stoma alkahmzes the stomach contents and, thereby, induces 
a beneficial healing action on the ulcer However, this question still 1 emains 
a controversial one Neveitheless, it is true that ulcer patients have been 
relieved by the operation in a high percentage of cases and one has to assume 
that the altered physiology of the stomach m some w r ay exeits a beneficial 
influence It is readily conceded that there are a ceitain peicentage of ulcer 
patients who are not relieved or cured by gastro-enterostomy, or in whom a 
new gioup of symptoms due to secondaiy ulcer formation at or near the stoma 
is initiated These tw r o reasons, failuie to cure the ulcer and an alleged high 
fiequency of secondary gastrojejunal or jejunal ulcers, have led some surgeons 
to the conclusion that radical surgery, meaning by that partial or subtotal 
resection of the stomach, is indicated for the cure of both duodenal and gasti ic 
ulcei s Advocates of radical surgery as a routine procedure claim an incidence 
of 10 to 20, and even more, per cent of jejunal ulcers following simple gastro- 
enterostomy This is at \anance with the experience of most suigeons, and 
most of the large clinics of the countiy, wdnch report only 3 to 4 per cent of 
such ulcers 

Nevertheless, the campaign in favor of radical surgery has succeeded m 
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disci editing gastio-entei ostomy to such an extent that many surgeons are 
disinclined to advocate it 

It is, theiefoie, timely to dcteiminc whcthci it is justified to abandon an 
opeiation which, thiough the yeais, has given such satisfactoiy icsults, for a 
moie ladical pioceduie with its attendant lughei mortality, and a doubtful 
guarantee that it will not be followed by the veiy sequelae for the avoidance 
of which it was instituted 

We may quickly pass ovei the question of gasti o-enterostomy for car- 
cinoma of the stomach It is at most a palliative measuie, and is used only in 
those patients m whom a ladical operation cannot be performed because of 
technical difficulties or because the geneial condition of the patient does not 
permit In such individuals the moitahty is, theiefore, expected to be high 
When technically possible to be pei formed without undue tension on the 
suture lines, the results aie good, and usually insuies the patient relief of 
symptoms and several months of comfortable life 

The real interest in the opeiation of gasti o-entei ostomy centers about its 
use m cases of gasti ic and duodenal ulcer, as well as in the complications or 
sequelae of these conditions, namely, hemorrhage, local perforation and scar 
contracture with consequent pyloric obstruction 

All surgeons agiee that the problems connected with the surgical treat- 
ment of gastric ulcer differ consideiably from those associated with duodenal 
ulcer, and that they should, theiefoie, be considered separately 

In duodenal ulcer a side-ti acking operation by gastro-enterostomy is possi- 
ble and the ulcer may be put completely at i est, whereas, in gastric cases this 
is usually not the case Only in those ulceis situated near the pylorus and 
producing some degree of spasm 01 stenosis may one reasonably expect such 
a result Cautery destiuction or excision of ulcers has not been as successful 
as was hoped for There is in addition a tendency to cancerous degeneration 
of gastric ulcers variously estimated at fiom io to 20 per cent This, coupled 
with the general experience that consei vative ti eatment in gastric ulcer is less 
satisfactory than in duodenal ulcei, has induced most suigeons to advocate, 
and perfoim, partial gastrectomy m those cases which have not responded to 
medical treatment 

W e fully agree with this view and have for yeai s performed this operation 
as a method of choice The fact that the duodenum is not involved, and per- 
mits safe closure of the stump, usually makes it less dangeious than a resec- 
tion for duodenal ulcer Unless the ulcer has perforated and is extensively 
adherent to the pancreas, there is no unusual risk connected with the operation 
in a patient m fair general condition 

While conceding that resection is the treatment of choice, gastro-enteros- 
tomy, nevertheless, has a definite, though limited, place m the treatment of 
gastric ulcer This is particulaily true of the large hypertrophic ulcers of the 
pylorus and prepyloric region, which not infrequently simulate inoperable 
carcinoma It is also of value in ulcers near the pyloric end with inflammatory 
reaction and extensive adhesions, and in some of the ulcers situated high on 
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the lesser curvature Here they are inaccessible, and attempt at remoial b) 
resection dangerous Closure so high up is difficult and fatal leakage may 
result Relief of symptoms or cure may be obtained after gastro-enterostomy, 
and is best explained by subsidence of pylorospasm with better drainage, as 
well as by alkahmzation of the stomach contents 

The question of the surgical treatment of duodenal ulcer is the one we are 
chiefly interested in at this time because it is this group in which we are asked 
by the advocates of routine radical operation to substitute gasti ic resection for 
gastro-enterostomy 

The original communications on this subject by Habeier, 4 and other 
Geiman authors, as well as those by its American advocates, stress failure 
to cuie duodenal ulcer by gastro-enterostomy, as well as the frequency 
of postoperative marginal or jejunal ulcers as reasons for abandoning gasti o- 
enterostomy and substituting therefore partial or subtotal gastrectomy A A 
Berg 5 bases his plan of treatment on the necessity of removing the three factors 
which he holds responsible for the formation and development of an ulcer, 
namely, chronic specific gastritis, the presence of free hydrochloric acid in the 
stomach, and the presence of a secondary infection in the stomach or duo- 
denum The procedure that will most nearly accomplish this is paitial or 
subtotal gastrectomy On the basis of a large material he builds up a veiy 
good case in favor of early ladical surgery, and describes an operative pro- 
cedure which, in his hands, has been followed by a very low operative moi- 
tality and excellent late results 

Lewisohn, 0 in an analysis of 68 cases of gastro-enterostomy with 01 with- 
out pylonc occlusion, found a peifect lesult was obtained in 47 per cent, a fan 
result m 19 per cent, and the remaining 34 per cent had gastrojejunal ulcera- 
tion He explains this unusually high incidence on the basis of careful pei- 
sonal reexamination of the patients, and evidently believes other suigeons 
v r ould find a similarly high incidence if they followed their cases more care- 
fully He 1 ejects the possibility of faulty technic as a factor, but definitely 
holds persistent hyperacidity m the gastro-enterostomy cases responsible for 
the continuation or aggravation of symptoms It is his firm belief that the 
important factor m the prevention of subsequent gastrojejunal ulceis is 
anacidity, not the technic of the operation, and that such an anacidity is best 
obtained by subtotal gastrectomy Several other surgeons share this view and 
aie advocating radical piocedures as a routine, while another group are per- 
forming lesections on carefully selected cases only There is a great deal of 
experimental evidence to suppoit the attitude of these surgeons, though many 
lepoits contradict one another and leave one in somewdiat of a state of 
confusion 

Recent obsei vations by DeBakey 7 on dogs upon which a von Eisels- 
beig exclusion w r as peifoimed, 111 conjunction with an anterior gastro-enteros- 
tomy, showed 50 pei cent jejunal ulceis after opeiation The ulcer alwa\s 
appealed 111 the efteient loop wheie the acid neutralizing power of the duodenal 
contents had been largely lost He concludes that the jejunal mucosa is func- 
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tionally unable to leceive acid gastric chyme and that inadequate neutralizing 
power of the duodenal secietion appaiently plays an impoitant idle in ulcer 
production In order to prove the piotective value of the various components, 
he diveited the pancreatic juice fiom the duodenal contents, so that the only 
protective agents remaining were bile and succus entericus After such a 
procedure ulcers developed in 70 per cent of cases If he also diverted the bile, 
ulcer developed 111 90 per cent of cases, and not only in the effeient loop but 
also at the anastomotic line and opposite the stoma in the jejunum He holds 
bile to be the most significant piotective factor The author fuither stresses 
the importance of foieign body such as suture material as a possible cause of 
ulcer and quotes a number of authors in support of this view However, he 
also cites several cases in which suture matei lal was found at the stoma with- 
out ulcer formation 

In a more recent paper on the physiology of peptic ulcei , DeBakey empha- 
sizes the fact that no single factor can be held responsible foi peptic ulceration 
in general, which is a viewpoint held by most thoughtful obseivers 

Against these views of the proponents of 1 outine radical surgery there are 
any number of articles based upon clinical observation citing excellent results 
following gastro-entei ostomy Theie are also numerous laboratory studies 
which show the beneficial effects of the operation upon the acidity of the 
stomach 

Heuer, 8 in a lecent paper on the choice of operations in the tieatment of 
peptic ulcer, mentions tlnee methods of opeiative piocedure for duodenal 
ulcer Local excision of the ulcei combined with some foi m of pyloroplasty , a 
simple gastro-enterostomy , and pjdorectomy 01 partial gastric resection Each 
type is indicated in certain cases He collected 1,559 gasti o-enterostomies for 
duodenal ulcer fiom the recent liteiatuie, which showed a general mortality 
of 6 8 per cent The late results showed 85 to 92 pei cent satisfactory relief 
from symptoms in Amencan clinics Gasti ojejunal ulcer as a late complica- 
tion was found in about 3 pei cent of cases in the expenence of 17 authors 
from vanous countries A study of the results of eight authors showed 
jejunal ulcei following paitial gastrectomy in 1 9 pei cent of cases 

Judd and Hazeltme, 9 after a comprehensive leview of a laige series of 
excisions for duodenal ulcei, cite two reasons why the operation of excision 
of ulcer of the duodenum has not gained rapidly 111 popularity (1) That the 
results of gastro-enterostomy when performed for this condition have usually 
been satisfactoiy , and (2) unless the first portion of the duodenum is free and 
mobile, excision of the ulcer may be very difficult Unless it is possible to 
excise the ulcer with less risk and better lesults than attend gasti o-enteros- 
tomy, there is no occasion for this operation They conclude that gastro- 
enterostomy will probably remain the popular operation for duodenal ulcer 
It is satisfactory m all cases except m those in which secondary ulcers develop, 
hemorrhage occurs, 01 bleeding may continue 

St John, 10 in a comparison of follow-up statistics between 119 cases of 
gastro-enterostomy and /6 cases of paitial gastrectomy, leports a moitality of 
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15 i per cent in the former and 196 per cent in the lattei Of the gastro- 
enterostomy cases there were 92 8 per cent symptom free or improved, and 
of the gastrectomy cases, 96 8 per cent were symptom free or improved The 
unusually high postoperative mortality is due to pulmonary complications 
The author reports maiginal ulcer m 6 9 per cent of the gastro-enterostonnes. 
and in 36 pei cent of the resections 

Balfoui 11 piesents a very complete analysis of 500 cases of gastro- 
enterostomy for duodenal ulcer which had been observed after a minimum of 
five years after operation The operation was performed in most instances in 
chronic cases Eighty-seven per cent obtained relief, which they had been 
unable to obtain by any other means, and in 69 per cent it was so complete 
that the patient was not conscious of having a stomach The operative mor- 
tality was 1 8 per cent In no case did perforation of the duodenal ulcer occur 
after gastro-enterostomy had been performed, which makes him feel that this 
operation, apparently, affords absolute protection against this serious com- 
plication Likewise in none of the cases of this series did obstruction of the 
pylorus develop subsequent to opeiation However, it seemed more difficult 
to secure permanent pi otection against hemorrhage, for 45 of the 500 patients, 
or 9 per cent, had one or more hemorrhages, but only one died as the result of 
it The protection afforded by gastio-enterostomy against the formation of a 
secondary chronic ulcer is appi oximately 96 per cent, for in only 3 26 per cent, 
gastrojejunal or jejunal ulcer occurred in a period of ten years or more aftei 
operation 

Balfour also studied 100 cases of gastro-enterostomy pei formed for gastric 
ulcer Although he believes in removing the lesion if reasonably possible, he 
is convinced that gastro-enterostomy alone is the operation of choice 111 those 
cases in which the size of the lesion, its situation, or the age or condition of 
the patient makes its removal a difficult or hazardous procedure The opera- 
tive mortality in this group was 3 per cent Seventy-nine per cent of the 
patients, five years or more after opeiation, were relieved, with complete 
relief being obtained in 60 per cent No gastrojejunal or jejunal ulcer 
developed 

He feels that gastro-enterostomy has its greatest application in cases of 
chronic duodenal ulcer in which there is impairment of motor function and in 
which the acid values are not unusually high Since impaired motor function 
usually occurs late in the development of duodenal ulcer, it is in the most 
chronic cases that gastro-enterostomy is so effective In a more recent paper 
on peptic ulcer and its surgical treatment by conservative measures, Balfour 
repeats that he believes gastro-enterostomy to be the most useful of the differ- 
ent procedures which may be employed He states that if the operation could 
be confined to the more chronic cases there would be no criticism of it, but 
the very fact that it did bring about such spectacular results m this group led 
to its employment in cases in which there was no impairment of motor function 
and in cases in which symptoms were of short duration It is probably for 
this reason that so much criticism of the operation has arisen, because it is m 
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this group that disappointing lesults aie most likely to occur He further 
states that when the indications for gastio-enterostomy are understood and 
carefully observed, the lesults are stnkingly similar Between 80 and 90 per 
cent of patients have obtained satisfactory lesults following gastro-enterostomy, 
and there have been only 3 to 4 per cent with subsequent jejunal ulcer 
formation 

Walters 12 disposes of the aiguments in favor of routine radical surgery, 
particularly with regard to the fiequency of gastrojejunal ulcers following 
gastro-enterostomy, by stating that he has raiely seen them, not more fre- 
quently than after gastric resection, and again, relative to the statement that 
associated gastritis is a cause of duodenal ulcer, as well as of recurrence of 
symptoms after gastro-entei ostomy, by stating that gastntis has rarely been 
found in the specimens removed by them 

He also quotes fiom a collective investigation by the British Medical 
Association, in 1928, into the after-lustoiy of gastro-entei ostomy cases oper- 
ated upon during 1920 to 1924 According to this repoit gastrojejunal ulcer 
occurred m 2 8 per cent of 744 cases in which gastro-enterostomy was per- 
formed for duodenal ulcei The postoperative mortality was 5 P er cer) t 
The results of the operation were satisfactoiy in about 90 per cent of the cases 

His paper further deals with the question of tissue lesistance and tissue 
susceptibility, paiticulaily to hydiochlonc acid, and makes a companson be- 
tween the relative achlorhydria obtained in gioups of cases treated surgically 
by different methods He concludes that tissue lesistance and tissue sus- 
ceptibility to hydrochlonc acid, and their measuiement, are the factors upon 
which successful treatment of duodenal ulcei depends regardless of the surgical 
procedure employed, for, if tissue lesistance to hydiochlonc acid is satisfactory, 
ulceration will not lecur, wheieas, when tissues are susceptible to the hydro- 
chloric acid of the gastric secretion, ulcer may recui, if free hydiochlonc acid 
persists in sufficient degree, legardless of the suigical procedure employed 
In his opinion gastric resection has a place in the treatment of ceitain of the 
hemorrhagic duodenal ulcers as well as m the treatment of lecurnng duodenal 
ulcer and of gastrojejunal ulcei ation, it is also applicable in the treatment of 
patients whose tissue has lowered resistance to the hydrochloric acid m 
gastric secretion 

In 1924, Charles H Peck 13 discussed the status of the surgical treatment 
of chronic duodenal and gastnc ulcer at that time, and strongly favored 
gastro-enterostomy He contended that it served its puipose as well in those 
patients without obstruction as those with it In a total of 196 cases of chronic 
duodenal ulcer theie was a mortality of 8 per cent, and a favoiable result, 
which he considered to mean a lasting clinical cure, in from 80 to 90 per cent 
Only one case came to secondary operation for gastrojejunal ulcer, and an- 
other for a rigid, painful stoma, while 111 two othei cases there were symptoms 
suggestive of secondary ulceration, but which weie not definitely proved 
Peck stressed the word “chronic” in dealing with the subject of the surgical 
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treatment of ulcei, and he was a him believei in adequate medical treatment 
befoi e advising opei ation 

In 1933, Klein, Aschnei and Ciohn 14 published a report of a study in the 
pie- and postopeiative gastnc secietion m 108 cases m which a subtotal 
gastrectomy had been performed on the seivice of Dr A A Berg at Mt 
Smai Hospital (Table I) 

Ta.ble I 

degree or pre- and postoperative acidity {Klein, Aschner and Crohn™) 

Preoperative Acidity 


Number of Cases 

Degree of Acidity 

Percentage 

38 gastnc ulcer cases 

Normal or subnormal 

50 


Hyperacidity 

50 

210 duodenal ulcer cases 

Normal or subnormal 

10 


Hyperacidity 

90 

Postoperative Acidity {early) 


Number of Cases 

Degree of Acidity 

Percentage 

35 gastnc ulcer cases 

Promptly became anacid 

77 


Were normal or subnormal 

14 


Remained hyperacid 

9 

197 duodenal ulcer cases 

Showed anacidity 

38 


Were normal or subnormal 

48 


Remained hyperacid 

14 


In the 108 cases cited above, with adequate follow-up Rehfuss tests over 
periods of one to eight years, 56 per cent either remained anacid or became 
anacid while under observation In one of the gastric ulcer cases which 
became anacid, recurrence developed, while there were nine jejunal ulcers in 
the group of duodenal ulcer cases which had not become anacid after gastric 
resection 

Such a finding materially weakens the argument in favor of subtotal 
gastrectomy, for, though it is definitely shown that anacidity follows resection 
in a large percentage of duodenal ulcers, the occurrence of jejunal ulcer m 
those cases 111 which free hydiochloric acid persists is higher than has been 
reported from most clinics following gasti o-enterostomy 

Our own experience with primary gasti o-enterostomy has been gamed 
from 84 cases In 12 of these the operation was performed for inoperable 
carcinoma They may, therefore, be eliminated from our discussion, leaving 
72 cases for consideration Of these 72 cases, three were not originally oper- 
ated upon by me, but came under my care for some complication, one with a 
gastrojejunocohc fistula, and two with symptoms of recurrence In one of 
these, twisting of the intestine with adhesions at the site of anastomosis was 
found, in the other, a ventral hernia, but a normal gastro-enterostomy Both 
of these were relieved There were three cases m the group which had had a 
previous conservative operation for ulcer one a closure for perforation, one a 
pyloroplasty and the third excision of an ulcer All three had recurrent symp- 
toms with stenosis and were relieved by gastro-enterostomy (Table II) 
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Table II 

ANALYSIS or INDICATIONS TOR WHICH GASTRO-ENTEROSTOMY 
WAS PERFORMED IN 72 CASES 



Number 

Indications 

of Cases 

Chiefly ulcer symptoms 

39 

Chiefly symptoms of obstruction 

17 

Combined symptoms of ulcer and obstruction 

16 

Total 

72 


Well over half the patients weie over 40 years of age (Table III) 

Table III 

AGE INCIDENCE 

20-30 Years 30-40 Years 40-50 Years 50-60 Years 60-70 Years 

18 13 11 23 7 

Complications were quite numerous Those connected with the respiratory 
system were not serious and none ended fatally One developed a lung 
abscess, apparently due to aspiration, and was operated upon subsequently, 
successfully In two patients a cardiac infarct was diagnosed There were 
two patients with suppurative pai otitis, one of whom had to be operated upon 
The complications connected dnectly with the operation consisted of 
hemorrhage, vicious circle, and evisceration In the first patient upon whom 
I performed a gastro-enterostomy, I gained experience with all three of these 
complications Immediately after operation he began to vomit blood, re- 
peatedly and in large quantity Bleeding was controlled by gastric lavage with 
hot saline and instillation of dilute adrenalin solution As the result of vomit- 
ing and straining he broke open his abdominal wall, which required secondary 
suture Then he developed symptoms of vicious circle which became so severe 
as to necessitate reoperation An entero-enterostomy was performed He 
has since been entirely free from gastric symptoms Tins is the only patient 
m whom I ever performed a pyloric exclusion at the same time as the gastro- 
entei ostomy Whether that had anything to do with the complications I do 
not know, but it made such an impression on me then, that I have never 
employed the procedure since 

There were two other patients with severe postoperative hemorrhage, one 
of which ended fatally, apparently due to bleeding from the ulcer She never 
vomited blood, but simply became progressively more anemic without any 
symptoms and expired on the sixth day There was no autopsy The third 
case was a young man, age 29, who within 12 hours after operation vomited 
large quantities of blood The bleeding threatened to end fatally, but was 
controlled by suture ligature of the bleeding points at the anastomosis 

Except in the case cited above, vicious circle did not develop in any patient 
There have at times been lesser distuibances suggestive of it, but they have 
always adjusted themselves 

Evisceration complicated the convalescence in two cases We are under 
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the impression that people with a wide epigastric angle and a 1 lgid costal arch 
have unusual stiain put on midline or lateral incisions, and m such cases ha\e 
fiequently employed a transverse incision about two fingers above the umbili- 
cus, from the outer border of one lectus to that of the opposite one It seems 
to guaid against evisceration 

We have never encounteied a definitely diagnosed gastiojejunal or jejunal 
ulcer m any of the gastio-entei ostomies performed by ourselves, but have had 
two cases in which a suspicion of the pi esence of one existed One cleared up 
entirely and died some 12 yeais later of carcinoma of the stomach The other 
had secondaiy ulcer symptoms with bleeding and was diagnosed as probable 
maiginal ulcer on 1 oentgenologic examination He is well at piesent We 
have, however, had considei able experience with one case of secondary ulcei a- 
tion The patient was admitted with the diagnosis of gastrojejunocolic fistula 
His gastro-entei ostomy had been pei formed at another institution ten yeais 
pieviously, at the age of 23, on a piesumptive diagnosis of ulcer, based upon 
a history of stomach upsets since childhood and one attack of vomiting, which 
contained blood, without any test meal or 1 oentgenologic examination being 
made After collection of his gastiojejunocohc fistula the patient was reason- 
ably well for six yeai s, until he developed symptoms of ulcer with obstruction 
at the pyloi us, which later perfoi ated against the antei lor abdominal wall and 
formed a laige mass theie This was liberated and the perforation closed 
transvei sely There have been no senous stomach symptoms since, but, dur- 
ing 1937, he was admitted with intestinal obstiuction which was found to be 
due to carcinoma of the ascending colon and required resection 

Three of the 72 cases, or 4 1 per cent, died as the result of the operation 
One was due to acute gastric dilatation with cardiac failure, apparently not 
recognized in time, the second case died of hemoirhage, probably from the 
ulcer, and the third died of a peculiar dilatation of the cecum, with necrotic 
ulcers and multiple perforations of its anterior wall No adequate explanation 
for this condition has been found It piobably had no relation to the opera- 
tion or to the lesion for which it was pei formed 

Most of the patients have been followed since their operation Some of 
those of the younger age group, under 30 years, were operated upon many 
years ago They have been difficult to follow and several have disappeared 
from observation One of them, a patient with what was diagnosed as ulcer 
of the third portion of the duodenum, recovered completely after gastro- 
enterostomy, but died within two years of a cancer of the rectum There has 
been a suspicion that the duodenal lesion may have been carcinoma Another 
of these patients died 12 years after gastro-enterostomy of exophthalmic 
goiter An autopsy showed a perfect stoma All patients were discharged as 
cured or improved after operation, and remained so for the period of observa- 
tion None have returned to us for subsequent treatment but that of course 
does not mean that all have remained well Several were of that nervous 
temperament so often encountered 111 young patients with ulcer symptoms and 
it is possible that they have subsequently developed further trouble 
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Of the oldei age groups seveial have died of mtcrcurrcnt disease All 
otheis have remained well except the few who developed recurrent symptoms 
and are mentioned undei complications A few had symptoms of indigestion 
or nervousness from time to time but not enough evidence of a lesion on 
examination to wairant the diagnosis of teem lent ulceiation We are under 
the impression that theie has been restitution to health in at least 90 per cent 
of the patients The results with gasti o-entei ostomy performed on ward 
cases at the Lenox Hill Hospital have been similar However, the follow-up 
on these cases is not sufficiently accuiate to wan ant their inclusion in this 
leport 

Discussion — A study of the material submitted 111 this paper m favor of 
routine partial or subtotal gastrectomy foi duodenal ulcer, as well as a consid- 
eration of recent literature not quoted here, and the compai ison of these with 
the abstracts of papets m favoi of conservative surgery as well as with the 
reports of our own cases make us feel that theie must be some explanation 
for these strikingly different results and opinions 

Surgeons 111 favor of partial or subtotal gastrectomy have reached their 
conclusion on the basis of ceitain obseivations which in short are Failure 
of gasti o-enterostomy to cuie in a laige percentage of cases, failure to prevent 
lecuirences, and failure to prevent secondaiy gastrojejunal or jejunal ulcers 
Those who do not favor this radical procedure, or lather who see no necessity 
for adopting it as a loutine for the usual uncomplicated case, base their opinion 
on the generally good lesults which follow gastro-enterostomy, and on the 
fact that they do not frequently see recurrences or gasti ojejunal or jejunal 
ulcers 

There must be some explanation for this difference of opinion and par- 
ticularly difference of lecorded obseivations All authois may not be think- 
ing and speaking of the same kind of a case Some may include a large 
number of acute ulcers in patients of the youngei age gioups in whom the 
results may be quite different fiom those in the moie clnonic cases with some 
distui bance of motoi function and perhaps lowei acidity values Whether 
adequate prehmmaiy medical tieatment has been a factor 01 not may play 
a iole Then there is the question of the lace of the individual, his general 
envn onment, his temperament and his diet which may all have an im- 
portant bearing on the behaviour of an ulcer Taking the extremes of 
reported gastrojejunal and jejunal ulcers, for instance, varying fiom the 
low of 3 to 5 per cent, and comparing them with the high of 34 per cent, re- 
ported by Lewisohn, 0 makes one wondei Aie the proponents of conservative 
smgery less keen obseivers or aie they dealing with a different type of case ? 

In this connection it may be of mtei est to call attention to a lecent article 
by Scluttenhelm 15 which deals with the geomedical vai lation of types of lesions, 
and by the part played by racial factois in these diffeiences It is known that 
disease piocesses aie vitally influenced by climate, living conditions, food, 
general envn onment, etc , in the same way that infections aie 

It certainly gives one food for thought when one reads that some clinics 
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aie advocating ladical stomach surgery, partly on the basis of the frequency 
of gastritis m association with ulcer This is notably true of some German 
climes, and the same observation has been made here The Mayo Clinic 
investigated this question by sending a commission to Euiope and bringing a 
European mvestigatoi over hei e, m 01 der to study the material at their clinic 
It was definitely shown that there is a decided difference in the lesions, and 
that associated gastntis is infrequently found at the Mayo Clinic, and can, 
therefore, not be advanced as an argument m favor of radical surgery 

It seems evident that the selection of cases for operation must have a very 
important bearing on the results It must make a big difference whether one 
includes m the study veiy young people who had a gastro-enterostomy per- 
foimed for indigestion, hyperacidity, and a suspected early ulcer which some- 
times cannot be demonstiated on the operating table, and compares them 
with the more chiomc cases in an oldei age group, who have a definitely 
diagnosed and demonstiable ulcer I have seen operations performed for 
suspected duodenal ulcer and at the opeiation no definite lesion could be found 
After careful but fruitless seaich it was decided to do a gastro-enterostomy 
anyway, m the hope that it would cure the symptoms There is no doubt 
that some years ago, and especially at some clinics, gastro-enterostomy was 
performed without proper indications, sometimes on the presumptive diagnosis 
of duodenal ulcei I believe that this is the cause for many of the poor results 
01 late complications which are now advanced as an argument m favor of 
moie radical surgery 

I am afiaid that some suigeons aie now making the mistake of advocating 
unnecessai lly radical operations for lesions which are amenable to more con- 
servative opeiative procedures Their enthusiasm sometimes carries them 
to a point which in the eyes of more conservative surgeons is not justified I 
have seen two resections peifoimed for suspected duodenal ulcer, one here 
and one abroad, which showed no pathology when the specimen was examined 

My personal feeling is that no patient with symptoms of duodenal ulcer 
should be subjected to operation unless he has a definitely diagnosed lesion 
and unless adequate medical treatment has been tried, preferably repeatedly 
I do not believe that the diagnosis of duodenal ulcer per se calls for surgery 
Very young people especially, with so-called nervous indigestion, hyperacidity, 
and that entire group of symptoms which so frequently leads to the clinical 
diagnosis or at least suspicion of ulcer, should not be subjected to operation 
Their symptoms are usually of a functional nature and require medical atten- 
tion I fully share the views expressed by Peck as well as by Balfour and 
others, that it is the chronic duodenal ulcer case, the one which has resisted 
medical treatment and which seems to have no further hope of relief from 
such treatment, which requires surgery As shown m the cases reported, 
many of them have some degree of obstruction associated with the ulcer, either 
due to spasm, periduodenal inflammation or scar contracture It is this class 
of case which furnishes such excellent results after gastro-enterostomy 

To subject such a patient with an uncomplicated duodenal ulcer to a sub- 
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total gastrectomy seems wrong to me It appears unsurgical to sacrifice half 
or more of a normal stomach m 01 dei to remove a small ulcer of the duodenum 
which anatomically and physiologically is separated from it 

Even admitting that jejunal ulcei may follow gastro-enterostomy more 
frequently than is repoi ted from the large American clinics, should there then 
not be instituted a medical 1 egunen after gastro-enterostomy to prevent them ? 
It is claimed that it is the acid gastric chyme which, acting on an improperly 
protected mucous membrane of the duodenum and jejunum, produces ulcer 
It is further claimed that lemoval of the acid bearing area of the stomach will 
produce anacidity and theieby pi event jejunal ulceration Laboiatory exami- 
nations made since these claims were fiist advanced have shown that, though 
anacidity is pioduced in a laige number of cases, hyperacidity may persist 
after a subtotal gastrectomy and jejunal ulcer develop just the same This 
would seem to point to the advisability of abandoning partial gastrectomy as a 
routine procedure for the cure of uncomplicated duodenal ulcer, and to con- 
tinue to employ gastro-entei ostomy 

For complicated cases of duodenal ulcer, especially those with massive 
hemoirhages, or with excessive and peisistent pain which resists medical treat- 
ment, or for recurient symptoms after a conservative operation, radical resec- 
tion may be indicated, and may be the safest way to restore a patient to health 
With the advances which have been made in gastric surgery, and with the 
modern pie- and postoperative care, resection has become a well standardized 
procedure, which in the hands of any well trained surgeon yields uniformly 
good results with a reasonably low mortality 

Technic of Gasti o-Entei ostomy — In planning the operation it should 
always be with the mental resei vation that some other procedure may have to 
be undertaken in order to meet the conditions found The aim of the opera- 
tion is to cure the disease and to avoid complications if possible To keep 
patients in bed for a few days prior to operation is valuable in order to accli- 
mate them and to be sure that the respiratory, cnculatory and excretory sys- 
tems are in order The time may be utilized for the administration of fluids 
and possibly a transfusion, as well as for daily gastric lavage in those patients 
having obstruction 

With mouth hygiene and modern anesthesia, mtiapulmonaiy complica- 
tions should be uncommon 

The incision is planned to obtain good access, and to assure a firm, strong 
abdominal wall Usually an epigastric incision, just to the left of the median 
line, answeis the purpose, but in patients with a wide epigastric angle and a 
rigid costal arch, a transverse incision from the outer border of one rectus 
muscle to that of the other is of value It permits good exposure, assures a 
firm abdominal wall without undue strain, and thereby protects against 
evisceration 

In the operation itself certain technical points are to be observed to guard 
against hemorrhage, vicious circle and possibly secondary ulceration One 
should choose the most dependent part of the stomach, while it lies at rest, 
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for the anastomosis By turning the omentum and the transverse colon up- 
waid, a place m the transveise mesocolon which lies directly opposite this 
dependent pai t of the stomach, and to the left of the colica media, is chosen for 
the opening The loop of jejunum close to the duodenojejunal junction is 
now picked up the way it lies at rest The most important thing is not to 
twist it, but to have it he naturally This will avoid angulation and possible 
subsequent stagnation m the loop If the conception of the cause of jejunal 
ulcei is collect, namely, that it is due to the acid gastnc chyme striking the 
jejunal mucosa which is unable to piotect itself against it, then any stagnation 
opposite the stoma may favor such a development Maintaining a free flow of 
duodenal secietions m the loop will tend to neutiahze whatever hyperacid 
gastric content has been ejected into the jejunum 

The next most impoitant point is to place the sutures properly The 
outer 1 ow is foi appi oximation of the serosa, and beyond stating that it should 
be snug theie is no special attention lequired The inner suture line, how- 
ever, is impol tant, in that it has to be sufficiently closely approximated to stop 
bleeding points and to pi event gastnc juice from penetrating For this same 
reason none of the mucosa should be trimmed, as is occasionally done It is 
all needed to protect and cover the cut edges of the intestinal wall A simple 
continuous whip-over stitch selves the purpose best The new stoma is now 
fastened into the opening m the transverse mesocolon with the aid of inter- 
rupted silk sutuies which attach the edges to the wall of the stomach, best 
just above the stoma 

I believe it to be ummpoitant what suture material is used or whether one 
uses clamps Foimerly we used silk for inner and outer suture, but during 
the last several yeais silk for the outer and chromic catgut No o for the inner 
sutuie line We use the Roosevelt clamp in all suitable cases, but occasionally 
perform an anastomosis without clamps 

CONCLUSIONS 

Gastro-enterostomy is indicated 

(1) In cancer of the pyloric end of the stomach in which radical operation 
is impossible on account of extensive local involvement metastases, or poor 
general condition If successful, it relieves symptoms and prolongs life for 
a while 

(2) In all benign obstructions of the pylorus due to extensive adhesions, 
scar contracture from ulcer, stenosis following operations for perforation, 
or after unsuccessful pyloroplasties 

(3) In pyloric and duodenal ulcer after lepeated attempts at medical cure 
have been unsuccessful 

(4) In gastric ulcers near the pylorus associated with extensive adhesions 
or stenosis, in which a side-tracking proceduie is considered to be of value 

(5) In some gastric ulcers situated so high, or so adherent, that their 
removal carnes with it a serious threat to life 
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Gastrectomy is indicated 

(1) In all cancels, if technically possible 

(2) In gastric ulcers 

(a) As a pnmaiy opeiation because conservative piocedures are 
raiely successful and because of a tendency to cancerous de- 
genei ation 

(b) As a secondaiy opeiation wheic a pievious conservative opera- 
tion has failed or wheic gastiojejunal 01 jejunal ulceration 
has developed 

(3) In duodenal ulceis 

(a) When lepealed hemonhages, espeeiallj massive hemorrhages, 
have not been conti oiled 

(b) Aftet failuie of conseivativc operations 

(c) F01 inti actable pain 

(d) Possibly foi gastiojejunal 01 jejunal ulcei 
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DISCUSSION OF THE PAPERS OF DOCTORS CUTLER AND EGGERS 

Discussion — Dr Constantine J MacGuire, Jr (New York) had 
lecently collected the statistics on the suigery of peptic ulcer from the First 
Suigical Division of Bellevue Hospital Befoie reporting these, however, he 
emphasized that in almost all cases the guide had been the principles em- 
phasized by Doctoi Cutler m his presentation , namely, that surgery of peptic 
ulcer is the surgeiy of its complications plus impracticability In confining 
surgery to such cases one necessanly has a highei mortality, particularly 
when the patients come to the service physically and economically at the 
end of then lesouices, as is the case at Bellevue Hospital 

Since 1920, 173 cases of duodenal ulcei exclusive of acute peiforations 
weie opeiated upon, as lepoited m the Annals of Surgery, 107, 350-358, 
Mai ch, 1938, by Doctoi McCreeiy One hundred thuty-three of these cases 
weie subjected to simple gastio-enterostomy with or without cauterization of 
the ulcer or pylonc exclusion Most of them had cauterization Theie 
neie six cases opeiated upon as a despeiate measure during massive, uncon- 
tiollable hemonhage These weie not included in the general statistics, all 
died, and in Doctoi MacGune’s opinion suigeiy has no place in the acute 
stage of massive hemonhage Seventeen cases died of vai 1011s causes, giving 
a 11101 tality 111 the gasti o-entei ostomy gioup a little under 13 per cent Of 
the cases followed moie than two yeais — namely, 97 — 65 weie free of ulcer 
symptoms and 32 showed vaiymg degiees of gastnc distiess Twenty-two 
cases of duodenal ulcei, not including the massive hemonhage cases, were 
subjected to paitial gasti ectomy, with seven deaths, a mortality of appioxi- 
mately 31 per cent This 11101 tality could have been loweied had there been 
fewer attempts to lesect the duodenum, as it was piobably not necessary to 
remove the ulcei 111 all cases (Table I) 

Pyloi oplasty of vanous types (Horsley, Fmney, etc ) was performed for 
duodenal ulcei m 14 cases Of the 10 followed, five showed good results 
and five peisistence of some sjnnptoms (Table I) 

Of hi cases of gastnc ulcer opeiated upon, 33 weie subjected to gastio- 
enterostomy with two deaths, a moi tality of 6 pei cent Of 22 cases fol- 
lowed, 13 showed good and nine pool results (Table I) 

Excision of the gastnc ulcei alone was accomplished in 10 cases, with one 
death Four of the nine cases followed showed good lesults, and five poor 
Gasti ectomy was perfoimed foi nine ulcers in 66 cases, with 15 deaths, a mor- 
tality of 22 per cent This high moi tality was accounted for in the fact that 
the majonty of these patients showed very advanced ciaters, fixed 111 the 
pancreas and sometimes in the livei Of 45 cases followed, 44 weie free 
of gastric symptoms (Table I) 

Nineteen maigmal ulceis weie opeiated upon In 10, the ongmal gastro- 
entei ostomy had been performed on the First Surgical Division of Bellevue, 
and in the other nine elsewheie Fifteen of these cases were subjected to 
gastnc resection, a rathei formidable feature 111 these cases which all showed 
massive adhesions The ulcers showed a marked tendency to penetiate the 
postenor wall of the tiansveise colon There \vere three deaths, a moi tality 
of 20 pei cent Of the 12 cases followed, 11 v^eie completely leheved and 
one had a recun ence Of the cuied cases horvevei, two weie maigmal ulcers 
at the stoma Of the pievious gastnc lesections, one w ? as performed on 
Doctor MacGune’s seivice and one elsewheie Simple excision of the stoma 
was undertaken 111 four cases with one death Of the thiee cases followed 
all have gastnc distiess (Table I) 

Doctor MacGuire’s anafysis involved 302 individuals subjected to 337 
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TABLE I 

SYNOPSIS Or RELEVANT DATA UPON 302 PATIENTS WITH PEPTIC ULCER, SUBJECTED TO 337 

OPERATIVE FROCI DURI S 

(First Surgical Dunston, BcHcouc Hospital) 


duodenal ulcers 173 cases 


Gastro-Enterostomy 133 

(With or without excision, cau- 
terization or pyloric exclusion) 
Deaths m hospital 17 

Survivors followed more than 
two years 97 

Free from G I symptoms 65 

Persistent G I symptoms 32 

Partial Gastrectomy 22 

Deaths in hospital 7 

Survivors followed-up 1 3 

Free from G I symptoms 12 

Persistent G I symptoms 1 

Pyloroplasty 14 

(Usually Horsley) 

Deaths o 

Followed-up Free from 
G I symptoms 5 

Persistent G I symptoms 5 


gastric uicrRS hi eases 


Gastro-Enterostomy 33 

Survnors followed-up 22 

Deaths 2 

Mortality 6% 

Free from G I symptoms 13 

Persistent G I symptoms 9 

Excision of Ulcer 10 

Deaths 1 

Survivors loll owed -up 9 

Free from G I symptoms 4 

Persistent G I sj mptoms 5 

Partial Gastrectomv 66 

Deaths 15 or 22% 

Survivors followed-up 45 

Free ofG I sj mptoms 44 

Persistent G I symptoms 1 


MARGINAL ULCERS 1 9 cases 

Original gastro enterostomy performed on Service in io cases out 
of 166 gastro-enterostomies, or 6 per cent Original gastro-enteros- 
tomy performed elsewhere in nine cases 


Simple Excision of Stoma and Jejunal Resection 4 

Deaths i,or25% 

Survivors followed-up 2 

Persistent G I symptoms 2 

Partial Gastrectomy and Jejunal Resection 13 

Deaths 3, or 20% 

Followed-up 12 

Free from G I symptoms 11 

Persistent G I symptoms 1 

Jejunostomies for Duodenal or Pyloric Ulcer 3 

Deaths 1, or 33H% 

Recovered 2 

Relief of G I symptoms 2 

Resection for Massive Hemorrhage 6 

Deaths 6 
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operations The cause of death was pneumonia m 13, hemoirhage m 8, wound 
disruption 111 7, pentomtis 111 5, shock in 5, and the rest died of othei causes 

With the exception of the marginal ulcei gioup, the moitality was high 
Anothei outstanding fact was that of the patients who recovered fiom the 
gastric resection only three had lecunences wheieas gastro-entei ostomy alone 
gave freedom from symptoms m less than 65 pei cent of the cases 

Dr Richard Lewisohn (New Yoik) was in complete accord with 
Doctor Cutler but not quite so fully with Doctor Eggers Among the points 
mentioned by Doctor Eggers "was that gastro-entei ostomy is a side-ti ackmg 
operation and that it reduces the acidity m ,the stomach, which Doctor 
Lewisohn assumed to mean that high acidity is reduced to a very low minimum 
In Doctor Lewisohn’s experience gastro-enterostomy does not side-track 
the food and does not 1 educe the acidity Doctor Eggers reported his mor- 
tality for gastro-enterostomy somewhere between 4 and 5 per cent Doctor 
Lewisohn’s mortality for gastnc resection in pnmai y gastroduodenal ulcers 
has always been below 4 per cent, but he admitted selecting his cases just as 
carefully as Doctor Eggers and Doctor Cutlei have done 

Doctor Lewisohn was a little sui prised at the lack of careful and de- 
tailed follow-up data on Doctor Eggers’s patients Many years ago, at the 
Mt Smai Hospital, gastro-enterostomy was regarded as a satisfactory pro- 
cedure, until there i\as instituted a very careful follow-up study including 
roentgenologic studies 

Doctor Lewisohn felt that every expeuenced suigeon was performing 
gastro-enterostonues in about the same way In proof of this, the facts 
are that in many parts of the woild, including Sweden, Italy and elsewhere, 
surgeons are obtaining a high percentage of gastiojejunal ulcers after gastro- 
enterostomy, and he wondered if “conservative” is the light vord for the 
procedure of gastro-enterostomy, and whether it is not really more conserva- 
tive, in view of the postgastro-entei ostomy complications (hemorrhage and 
recuirent ulcer) to peifoim a primary, partial gastric resection, which is 
really the more conservative opeiation because, 111 a majority of cases, the 
cure is definite and permanent 

Dr Frederic W Bancroft (New York) said that with passing years 
there had been a great deal of progress with regard to surgery for peptic 
ulcer, and that the papers presented brought out the real fact or reason for 
the changing attitude toward this branch of surgery Fifteen years ago 
surgery was not being performed upon medical failures in peptic ulcer but 
for any type of duodenal ulcer that came into a surgical ward Today the 
type that comes to surgeons in clinics like that of the Roosevelt or Lenox 
Hill Hospitals is a medical failure — the patients who have been given ade- 
quate medical care over a long period of time without permanent relief 
In considering medical treatment it is necessary that a patient should have 
had an adequate period of rest 111 bed With the edema and swelling of the 
gastrohepatic membrane secondary to lesser curvature ulcer, rest is neces- 
sary m order to relieve the tension lesultant from the full stomach on an 
inflamed membrane It is necessary to place the area of inflammation at 
about the level of the heart so that venous out-flow is facilitated and edema 
diminished If surgery is required, then, foi an ulcer that has resisted medical 
treatment, the surgical procedure is of necessity more radical The indi- 
cations foi surgery are eithei repeated hemorrhages, marked indurated 
ulcerations without retention, which resist medical therapy, or scar tissue 
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conti action with obsti uction In the fii st two, pi obably resection is advisable, 
while in the last gastio-enterostomy is usually the opeiation of choice 

Dr John A McCreery (New Yoik) thought that the difference of 
opinion as to the proper piocedure in these cases seemed to him to be due 
laigely to the fact that the ideas as to the etiology of peptic ulcer weie still 
vague, and that suigeiy was a mattei of opeiating upon symptoms which may 
lecui, as the undei lying cause was still piesent However, the work that 
is being done seems to be along geneially similai lines and gradually, though 
moie or less deviously, the same conclusions weie being approached 

Doctoi McCieeiy said that the expenence and the trend of thought at 
Bellevue Hospital followed veiy closely those outlined by Doctor Cutler 
It is believed at Bellevue that no case should be consideied surgical m the 
absence of an acute complication, such as perforation, until prolonged medical 
treatment has failed In this connection it is intei esting to note that it is the 
experience of the Gastnc Clinic, which is piesided over by surgeons, that 
only about five per cent of then cases ultimately come to operation These 
figuies cover individuals in the lowest income group, with the least oppor- 
tunity foi proper lest and diet, and should be bettered in the higher income 
gioup It is in the group of cases, with uncomplicated duodenal ulcer, car- 
ried along fan ly comfortably in the clinic, that gastio-entei ostomy, in the 
past, was more fiequently per f oimed than at the piesent time It was suc- 
cessful for two reasons In the first place, it supplied a safety valve m the 
case of subsequent pyloiospasm, and in the second place, the patient who 
had undergone an opeiation foi ulcei was more apt to be impressed by the 
senousness of his disease and the impoitance of caie in diet than the patient 
who has been carried tlnough lepeated attacks on a medical regimen If one 
omits this group of cases and consideis as opeiable only those with com- 
plications — -hemonhage, obsti uction, inti notability — it seemed to Doctor Mc- 
Creeiy that the peicentage of cases in whom relief can be expected fiom 
gastro-entei ostomy must be distinctly loweied It was his feeling that in 
this group, only those with obsti uction and low acidity are primarily can- 
didates for gastro-enterostomy Hemoiihage and inti actable pam, especially 
if due to chronic peiforation seemed to Doctoi McCreeiy to demand a more 
ladical piocedure “Follow-up” in this gioup of cases is most impoitant and 
the final lesults are difficult of estimation He had lecently reported cases 
of perforation well foi ten years who had letuined with symptoms of ulcer 
In the last month he had seen two cases m whom gasti o-entei ostomies for 
duodenal ulcei had been peifoimed m 1924 They had been followed regu- 
larly m the clinic for seven years and then closed Both had developed 
gastnc symptoms during the past few months, 14 yeais after their original 
operation One has a conti acted stoma, with retention The other is still 
being studied Cases such as these make it difficult to say when a case is 

cured , and rather foice one to agree with Means, when he said last 
fall, in Chicago “Moieovei if the surgeon is called in and opeiates, the 
physician will still have to caie foi the patient foi the lest of his life, be- 
cause surgery usually does not cuie the patient with ulcer any more than 
does medicine ” 

Dr DeWitt Stetten (New Yoik) said that the subject of peptic ulcer 
was always a live one To-day agieement is more or less general that peptic 
ulcei is primarily a medical disease and that eveiy effort should be made to 
heal the ulcer by medical measures before surgery is resorted to Agieement 
is also general that in spite of the most conscientious medical treatment 
certain cases eventually become surgical The surgical indications were very 
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cleaily piesented by Doctoi Cutlet He congi atulated Doctor Eggers for 
having the courage to take up the cudgels in defense of the somewhat dis- 
ci edited operation of gastro-enterostomy, and was inclined to agiee, in some 
lespects, with his thesis Gastrectomy, not necessanly always subtotal, 
he felt to be definitely indicated for obvious reasons in all surgical cases of 
chiomc gastnc or pylouc ulcer when technically feasible It may also he 
indicated m an occasional favoiable case of early perforation, when the 
patient’s condition wan ants the procedure It is also indicated m chiomc 
mfiltiated ulceis of the duodenum, penetrating into the pancreas or towaid 
the liver, and for cases in which there has been profuse hemorrhage fiom 
involvement of laige blood vessels, provided the technical difficulties of the 
opeiation aie not too great and the patient’s life is not placed in jeopauly 
by the pioceduie 

Sometimes a two-stage pioceduie may be advisable — pnmaiy gastro- 
entei ostomy, followed by partial or subtotal gastiectomy, aftei the patient’s 
condition has impioved and some of the inflammatoiy leaction around the 
ulcei has subsided Gastrectomy is usually indicated m secondary marginal 
ulceiation after gastio-entei ostomy For healed ulceis at the pylorus or in 
the fust poition of the duodenum, with cicatucial stenosis, Doctor Stetten 
believed that postenoi, shoit-loop retrocolic gastro-enterostomy — m piefer- 
ence to pyloroplasty — is the opeiation of choice, and probably gives the most 
satisfactory lesults obtainable in gastnc suigery In this connection he 
cited a statement that he made in a discussion at a “Symposium on Gastnc 
and Duodenal Ulcer,” held before the Clinical Society of Lenox Hill Hos- 
pital, m the fall of 1926 “I know of no othei operation upon the stomach, 
not excluding subtotal gastrectomy, 111 which the immediate postoperative 
lecovery is usually so easy, in which the end-results are so uniformly satis- 
factory and gratifying, and in which the patient is so permanently and thor- 
oughly cured as by this operation performed for this disease ” Doctor 
Stetten’s experience during the past 12 yeais had not altered his opinion, hut 
rather confirmed it 

Subsequent ulceiation 111 the stomach, pylorus 01 duodenum, m the 
jejunum or at the gastro-entei ostomy stoma, aftei gastro-enterostomy foi 
cicatricial stenosis, is in our expenence extremely lare, possibly because m 
these cases the ulcer diathesis has ceased to exist He also still favored gastro- 
enterostomy in those cases of duodenal ulcei where resection would be too 
difficult or too dangerous, especially because of their too close proximity 
to the papilla of Vater, and m perforated pyloric and duodenal ulcers wheie 
a stenosis is produced by the sutuie closing the peif oration, providing the 
perforation is not older than 12 hours and the patient’s condition is favorable 
Although he had not yet made a thoiough statistical study of his material, 
his experience with gastro-enterostomy in piopeily selected cases of this gioup, 
with proper after-cure, had not been unsatisfactory He admitted having had 
an occasional lecurrence of symptoms, especially of bleeding, and had seen 
a number of jejunal and maigmal ulcerations, but, off-hand, the peicentage 
of jejunal and gastrojejunal ulceis certainly had not exceeded 45 per cent, 
which is the incidence of this complication, established by Lahey and Jordan 
m a statistical study of nearly 17,000 gastro-enterostomies, peifoimed by 
diffeient suigeons in various countries, and which is a little more than the 
statistics of Eusteiman and Balfoui, namely 3 to 4 per cent Doctor Stetten 
said he ceitamly had seen nothing remotely approaching the 34 per cent fre- 
quency that has been leported fiom the Mt Sinai Hospital Incidentally, 
since subtotal gastrectomy for ulcer has in 1 ecent years become so much more 
populai, and the opportunity has been presented for more extensive follow-up 
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studies, gastiojejunal and jejunal ulceiation also, aftei this operation, has been 
found to be much moie fiequent than was originally supposed to be the 
case Sawkoff m a lecent compilation fiom the Russian literature found 
the incidence to he 4 32 pci cent, piacticaliy the same as that lecorded by Lahcy 
and Jordan, and even moie than that noted by Eusteiman and Balfour after 
gastro-entei ostomy It is questionable whether gasti o-cnterostomy is of any 
value m uni esectahle, lessei curvature ulccis 

Dr Carl Eggcrs (closing) leferied to Doctor Leuisohn’s comment, 
paiticulaily on the lack of detailed follow-up, and explained that this had 
been omitted simply because it would have made too long a table The cases 
aie spiead out over many yeais Those icpoited in the paper lepiesented 
Doctoi Eggeis’ personal expeiicnce with gasti o-cnterostomy He has fol- 
lowed all of his patients, except a few in the eaily age-gioup to which lie 
called attention, and who had drifted aw r ay, foi a vciy long time Some of 
these eai ly cases weie of the high stiung nervous tempei ament, that those 
who deal with this type of condition aie familiar with They were well 
when dischaiged and for a long time aftei, though a few' may not have 
lemamed w r ell The results of the later cases aie stated in the paper which 
Doctoi Eggeis did not lead in full detail 

With legal d to side-tiacking, Doctor Eggeis emphasized that gasti 0- 
enterostomy w'as conceived as a side-tiacking opeiation It was devised 
foi obstruction of the pyloius and was used at first for carcinoma and later 
for ulcei In Doctoi Eggeis’ opinion, gasti o-entei ostomy to-day gives the 
very best lesults m the patients in wdiom it bungs about a side-tiacking and 
shunts out the pyloius because of obstiuction The case with the fistula of 
the biliaiy tract which he piesentcd, show's that beautifully, all the food 
empties tluough the gastro-entei ostomy, one can w'atch it pass through the 
stoma 

Doctoi Eggeis could not concui that piimaiy lesection u'as a conseiva- 
tive opeiation for duodenal ulcei Although Doctoi Lew'isohn has fine results 
and is to be congi atulated, neveitheless wdien one is teaching this subject one 
is on dangerous ground to teach that half the stomach — and that is usually 
not conceded to be enough — should be resected The moitahty will be high 
in the hands of men who only occasionally see a case of peptic ulcer re- 
quiting suigeiy Even though a jejunal ulcei does develop in 3 or 4 pei cent 
of the cases, they can be handled by the ongmal suigeon 01 turned over to 
another more expenenced one Furthermore, such a patient may at that time 
be an entirely different type of patient, years aftei the ongmal gasti o- 
entei ostomy, and, theiefoie, one to be handled in an entuely different way 

Doctor Eggers said most of his patients aie of the oldei age-group, they 
are not young patients, but people who have had adequate medical tieatment, 
and 111 these gasti o-entei ostomy has been a most successful method 0 
tieatment He lost two patients in whom he peifoimed a lesection because 
roentgenographically thei e was a suspicion of cai cinoma and he felt he mig 1 
have saved them had he pei foi med a gasti o-enterostomy only Gasti 0- 
entei ostomy usually relieves the patient even if no anacidity is produced 
Aftei all, the aim m medicine is not to pioduce anacidity but to lelieve symp- 
toms or to cuie the patient Doctoi Eggeis stated that he had no objection 
to resection of the stomach and that he likes the opeiation veiy much, bu 
does not believe that loutme lesection of the stomach is the ideal opeiation foi 
a duodenal ulcer Suigeons should cultivate judgment and apply it m eaci 
case 111 oidei to msuie the best results 
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With the extensive development of gastric surgery in the past 50 years 
a new clinical entity has become recognized, namely, postoperative jejunal 
ulcer Pi unary jejunal ulcer, a sohtaiy lesion of the upper jejunum, not pie- 
ceded by gastrojejunostomy and occurring in the absence of such diseases as 
typhoid, amebic 01 bacillary dysentery, cholera, tubei culosis, syphilis and sepsis, 
is exceedingly rare Judd 1 has never seen a case and questions its existence 
Ebeling, 2 m a thorough review of the subject, concluded that primary jejunal 
ulcer is a most infrequent lesion Not so, however, relative to the occurrence 
of jejunal ulcer following gastric surgery 

The fust authentic case of postopeiative jejunal ulcer was repoited by 
Braun, 3 in 1889 From that time on, the condition has been diagnosed 
with mci easing frequency, depending upon the interval after operation and 
the thoroughness with which surgeons have followed their patients subjected 
to gasti o-intestinal surgery Paterson, 4 111 1909, found but 52 undisputable 
and ten doubtful cases of jejunal ulcer reported in the literature Euster- 
mann, 3 in 1920, found 83 cases following various gastric operations performed 
at the Mayo Clinic This did not include many cases m which the lesion 
had healed without requiring surgery Until recently, it has been felt that 
jejunal ulcer could be avoided by performing an extensive resection instead 
of a gastro-entei ostomy Two schools have arisen defending the one opera- 
tion and condemning the other The advocates of gastrectomy (von Haberer, 0 
Fmsterer, 6 Berg, 7 Strauss 8 and others) have estimated the incidence of jejunal 
ulcer following gastro-enterostomy as vaiying from eight to 30 per cent 
These authors claim a much lower percentage following resection (1 per 
cent or less) With the increase m popularity of the more radical operation, 
it has proved to be more productive of jejunal ulcer than was foi merly sus- 
pected Balfour, 9 m 1928, leported 28 cases upon which he had operated for 
jejunal ulcer following gastrectomy Carnes 10 has reported four cases of 
jejunal ulcer following a procedure resembling the Polya opeiation, which is 
considered a nearly ideal form of gastrectomy Hurst 11 has collected over 
100 cases of secondary ulcer following gastrectomy Advocates of lesection 
maintain that m such cases the resection may have been inadequate However, 
the development of jejunal ulcer has been repoited even after subtotal re- 
section (Holst 12 ) 

It is evident that factors other than the operative proceduie employed 
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may have some influence on the development of jejunal ulcei Such factors 
fall into three gioups (i) Pieopeiative , (2) operative, and (3) post- 
opei ative 

Pi copei ative Fact 01s — Of these the outstanding is the indication foi 
opciation The moie definite the indications foi opeialion in peptic ulcer, 
the less the likelihood of postopci ative jejunal ulcei Such indications have 
not yet been infallibly defined (excluding fiom consideiation acutely per- 
foiated ulcei s) Howevei, the consensus of opinion is that the best results 
occui in cases that have had a lengthy couise of vigoious medical treatment, 
with symptoms lesponchng less and less to such tieatment, and characteristic 
of the late complications of peptic ulcei, such as obstiuction, penetration or 
uncontrollable bleeding (Moymhan 11 ) 

Anothei factoi of impoitance is the location of the ongmal ulcei Since 

duodenal ulcer as opposed to gastric 
is moie legularly accompanied by 
hypei acidity (Lindau and Wulff, 14 
Huist and Stewart 1 ’), it is to be ex- 
pected that cases of duodenal ulcer 
coming to opeiation may be followed 
by a lnghei incidence of jejunal ulcer 
than cases of gastnc ulcei The vul- 
nerability of the jejunal mucosa to 
highly acid gastric juice has long been 
lecogmzed (McMastei 10 ) 

Opei ative Factoi s — Under this 
category a number of points must be 
consideied The most impoitant of 
these is the degiee of neutralization 
of gastric acidity accomplished by the 
operative procedure Moynihan, 13 and 
Judd 1 maintain that persistent hypo- 
acidity following o])eiation is the most 
important single cause of postopera- 
tive jejunal ulcer The only lehable way of producing chronic peptic ulcei 
m animals is to deviate alkaline juices fiom the site of gastrojejunostomy 
This has been done lepeatedly by the Exalto 17 procedure, which in this countiy 
has become known as the Mann-' Williamson 1 8 operation (Fig 1) 

Such an operation as illustrated 111 Fig 1 deviates the bile, panel eatic 
juice and duodenal secretions from the site of gastrojejunostomy, exposing the 
jejunum to the action of unneutralized gastric juice Mann and William- 
son 18 found this procedure produced jejunal ulcers 111 95 per cent of their 
clogs Their results have been confirmed by Ivy and Fauley, 19 Matthews and 
Dragstedt,- 0 Gallagher and Palmer, 21 and many others 

Entero-enterostomy when combined with gastro-entei ostomy and the Roux 
en \ type of anastomosis produces a similar deviation of alkaline juices 
(Figs 2 and 3) 



pancreatic juice and duodenal secretion into lower 
ileum leaving the jejunum exposed to unneutralized 
gastric juice 
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Fmsterei 17 reported the development of jejunal ulcer m seven out of eight 
patients upon whom he performed the Roux en Y operation When the anas- 
tomosis vas taken down and the original anatomic lelations restored, the 
jejunal ulcei healed in all the cases Pateison 22 was one of the first to indicate 
the dangers of Y-anastomosis and entero-enterostomy 

Another factor of impoitance is the physiologic principle, woiked out by 
Matthews and Dragstedt , 20 that the lower the loop of small intestine the greater 
its vulnerability on exposure to gastric juice Accordingly, anterior gastro- 
enterostomy may be expected to result in a higher incidence of jejunal ulcer 
than postenor gasti o-enterostomy because a lower loop of jejunum comes 
into contact with gastric juice 

The importance of unabsorbable suture material as a factor m the develop- 
ment of jejunal ulcer is discussed at the end of Case 2 



The use of clamps, hematomata of the suture line and traumatic erosions 
of mucosa at the time of operation cannot be considered significant factors 
in the development of jejunal ulcer because of the rapidity with which such 
traumatic lesions heal and the length of time before chronic jejunal ulcers 
develop (Ivy and Fauley , 19 and Gallagher and Palmer 21 ) 

Moymhan , 13 and Burden 27 have emphasized the importance of removing 
the appendix at the time of operation for peptic ulcer The association of 
appendiceal disease and pylorospasm and the role of pylorospasm in pre- 
venting regurgitation of alkaline juices needed for neutralization of gastric 
acidity has been seriously considered a potential factor m the development 
of peptic ulcer (Elman 20 ) However, the importance of appendicectomy at 
the time of surgery for peptic ulcer is still a matter of conjecture 

Postopei ative Factors — Following surgery for peptic ulcer numerous fac- 
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tois come into play which may conti lbutc to the latei development of jejunal 
ulcei These aie mainly mattcis of diet, habits and latent foci of infection 
Diet — The natuial expectation of a patient just opeiated upon for peptic 
ulcei is that the disease is cured and theie will be no fuithei need of ad- 
henng to a diet This is fai fiom the tine state of afTaus Dietary uiegu- 
lanties aie among the most fiecjucnt piecipitating causes of recurrent 
symptoms following gastric suigeiy and may play an impoitant role in the 
latei development of jejunal ulcei 

Alcohol — Alcohol is such an excellent stimulus foi the flow of gastric 
juice that it is occasionally used foi estimating gastnc function (Ehrmann 
test meal) Foi fuither mfoimation concerning the detailed action of alcohol 
on the gastnc mucosa the readei is refeired to summanes by Leddig, 2S 
Hunmwich, 20 Kast 30 and Chittenden' 11 Excessne intake of alcohol may 
influence the foimation of postopeiative jejunal ulcer 

Tobacco — Moymhan 1 1 has demonstiated the inci eased output and m- 
ci eased acidity of gastnc juice aftei smoking It is a common statement of 
ulcei patients that smoking aggravates their symptoms Circulatory insuffi- 
ciency in the pylonc aiea has been consideied of some importance in the 
etiology of peptic ulcei (Reeves,* 12 Payi, 11 and Gallagher 31 ) The 1 elation 
of tobacco to vasospastic phenomena (tobacco angina, intermittent claudica- 
tion in Buergei’s disease) has long been lecognized Its relation to jejunal 
ulcei natuially becomes a matter of interest 

Latent Foci of Infection — Konjetzny, 33 Turck, 30 Rosenow, 3 ' Meisser, 38 
and otheis have investigated the possibility that bacteria (particularly the 
Sti cptococcus and possibly the Bacillus coll communis) may be i elated to the 
development and persistence of peptic ulcei Latent foci of infection may be 
consideied as conti lbutoiy factois in the pathogenesis of postopeiative jejunal 
ulcer 

With the above general principles in mind, 23 cases of postoperative 
jejunal ulcer operated upon at the Presbytei lan Hosjntal, New York, were 
studied in minute detail from the time of appearance of the original duodenal 
or gastric ulcei symptoms, thiough operation, to the ultimate status of the 
patients at the present time I11 several additional cases the diagnosis of 
jejunal ulcer had been made at one time 01 anothei, but the evidence was 
not sufficiently conclusive to merit their inclusion in this study Twenty- 
three cases is a small nurnbei However, it is hoped that similar studies of 
postopeiative jejunal ulcei may become more fiequent, m the hope of gaining 
a better understanding of this complication of gastric surgery and a method 
of minimizing its occurrence Of these 23 cases nine had their pnmary 
operations for peptic ulcer at some other hospital 

A nurnbei of them illustrate well the physiologic principles involved m 
the pathogenesis of jejunal ulcer and aie, therefore, presented in some detail 

Case 1 — No 80855 I H first experienced severe digestive symptoms at the age 
of 22 These consisted of gnawing pain in the epigastrium, coming three to four hours 
after meals, and relieved by food or alkaline powders Four years after the onset of 
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these symptoms he was admitted to the Presbyterian Hospital The gastric contents 
were somewhat hyperacid (free, 40, total, 80) The Lenhartz diet afforded relief 
from symptoms The patient refused to remain on diet, consequently he was operated 
upon January 21, 1912 The anterior duodenal wall just distal to the pylorus showed 
a scar The duodenum was plicated between the pylorus and the site of the ulcer and 
posterior gastro-enterostomy was performed He then was well for six years, at which 
time digestive symptoms recurred These resembled the preoperative symptoms except 
that the pain and abdominal tenderness were now situated to the left of the umbilicus 
These symptoms responded to diet and the patient remained fairly comfortable until a 
severe recurrence of abdominal pain 17 years postoperatively Roentgenograms taken 
at periodic intervals during these 17 years had been negative Films taken at this time, 
however, showed a jejunal ulcer At operation, August 16, 1929, a gastrojejunocolic 
fistula was found The anastomosis was taken down, and the stomach, jejunum and 
transverse colon were repaired On the eleventh day the wound disrupted and second- 
ary closure was necessary The following day intestinal obstruction developed and 
ileostomy was performed The patient died the following day 

Comment — This patient did well for six yeais aftei opeiation It is 
possible that the duodenal plication by closing the pylorus created a greater 
need for the new stoma It has been claimed that those patients do better 
aftei gastro-entei ostomy m whom the pyloius is least patent Not until 17 
years postopeiatively was there roentgenologic evidence of jejunal ulcei This 
lllustiates the fallacy of figures based on five- or even ten-year observation 
following gastiic suigery 

Case 2 — No 85764 W P first developed ulcer symptoms at the age of 29 Four 
years later he was operated upon elsewhere A duodenal ulcer was found Posterior 
gastro-enterostomy and appendicectomy were performed Within three months his 
symptoms recurred, and two years later he presented himself at the Presbyterian Hospital 
because the pain had become unbearable He was reoperated upon 28 months following 
the gastro-enterostomy A linen suture was discovered running through a sinus between 
gastric and jejunal walls above the stoma with an ulceration at the jejunal orifice of the 
sinus The operation consisted in dissolution of the gastro-enterostomy and restoration 
of the original anatomic and physiologic relationships 

Comment — In this case, opeiated elsewheie, jejunal ulcer may have been 
due to the use of unabsoibable suture material Moymhan 13 believes that un- 
absorbed suture matenal may be a cause of jejunal ulcer Eustermann 5 found 
that m one-thnd of the jejunal ulcer cases on record at the Mayo Clinic un- 
absorbable suture matenal had been employed Woolsey 24 has reported a 
case similar to this one in which unabsorbed suture material was found hang- 
ing from the stoma 21 months after gastro-enterostomy 

Case 3 — No 242133 T D , age 41, was admitted to the Presbyterian Hospital 
because of repeated attacks of vomiting He was a moderately severe, insulin-treated 
diabetic, who had been in the hospital several times previously because of acidosis, each 
attack being accompanied by vomiting His vomiting at the time of his present admis- 
sion presented a diagnostic problem Roentgenologic examination showed 25 per cent 
six hour retention and suggested obstruction just beyond the pjlorus He was operated 
upon September 10, 1930, an indurated scar was seen on the anterior surface of the 
duodenum The pylorus was patent A posterior gastro-enterostomy was performed A 
roentgenogram taken postoperatively showed the new stoma to be functioning well , no 
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barium passed through the pylorus He was well for two years at which time he re- 
turned because of uncontrollable vomiting Fluoroscopy revealed constriction of the 
efferent jejunal loop and a vicious circle, i c , reflux of barium into the stomach via the 
pylorus Gastric lavage provided only slight relief and he was again operated upon 
October 14, 1932, two years after Ins primary gastro-enterostomy A jejunal ulcer was 
found 25 by 15 cm , adherent to the transverse colon and mesocolon The gastro- 
enterostomy was taken down, gastric and jejunal openings and mesocolon repaired, and 
side-to-side jejunojej unostomy pei formed between the two loops of jejunum on either 
side of the ulcer-bearing segment The postoperative course was uneventful Two 
months later he returned because of postprandial pam and vomiting Roentgenologic 
examination showed reactivation of the old duodenal ulcer and a 20 per cent gastric 
retention The symptoms responded to a modified Sippy diet, gastric lavage with re- 
moval of the residue at night and belladonna On this regimen the patient has re- 
mained well for over two years after reactivation of the same duodenal ulcer for which 
he was originally operated upon 

Comment — This case is unusual because of the ranty with which duo- 
denal ulcei and diabetes coexist 40 The dietaiy situation m such cases is ex- 
tiemely difficult to handle Often, as in this case, when vomiting occurs 
while the diabetes is not fully conti oiled, a diagnostic pioblem arises In spite 
of an ideal indication foi suigeiy initially (cicatricial obstiuction), jejunal 
ulcei developed in less than two yeais What piopoition of the obstiuction 
may have been due to spasm one cannot say, foi belladonna was not tiled 
thei apeutically The duodenal ulcei newly leactivated aftei dissolution of 
the gastio-entei ostomy, and again with symptoms of obstiuction, lemains 
undei conti ol with lavage and belladonna The case suggests that if the in- 
dication foi opeiation be obstiuction, it is essential to deteimme by the use 
of antispasmodics whether cicatncial obstiuction 01 only spasm exists 

Case 4 — No 47876 M G fust developed peptic ulcei symptoms at the age of 34 
She was treated medically for three months with partial relief There was no obstruc- 
tion or evidence of bleeding Atropine was not tried She was operated upon October 
29, 1920 Duodenal ulcer was visualized Partial gastiectomy combined with a 
Y-anastomosis was pei formed, the appendix was removed She remained well for 
three years following operation despite lack of adherence to diet At this time she 
returned with a recurrence of her original symptoms Roentgenologic studies revealed 
a crater in the jejunal loop, below the stoma, with marked overlying tenderness After 
three weeks of Sippy regimen her pain disappeared fluoroscopy showed the crater per- 
sisting but no tenderness She is still in excellent health, 13 years after her operation 
She has been systematically followed by letter and reports occasional, slight digestive 
discomfort, which has always responded to the administration of an alkali 

Comment — Despite a Y-anastomosis, this patient is piactically fiee of 
digestive symptoms, 13 yeais aftei oj)eiation The fact that a pai tial gas- 
trectomy was peifoimed along with the anastomosis may have had some 
bearing on its success It is mteiesting that the one examination of hei 
fasting gastnc contents, postopei atively levealed an anacidity, wheieas, usu- 
ally this type of gastio-entei ostomy, without lesection, lesults in hypei acidity 

Case 5 — No 69908 A K , age 29, was admitted to the Presbyterian Hospital 
because of pain of two weeks’ duration beginning in the umbilical region and radiating 
to the right midback He had been jaundiced five years previously Gallbladder disease 
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was suspected He was operated upon August 7, 1909 The gallbladder was normal 
The anterior wall of the stomach, on the lesser curvature, well up near the cardia pre- 
sented an indurated, puckered scar Anterior gastro-enterostomy was performed be- 
cause of a short gastrocolic omentum The postoperative course was uneventful The 

patient remained well for 18 years at which time he was readmitted, seriously ill, pre- 
sumably due to a perforated jejunal ulcer and was operated upon immediately A 

perforated jejunal ulcer was found on the anterior margin of the stoma adherent to the 
liver The stoma and ulcer-bearing segment of jejunum were excised and the opening 
in the stomach repaired The stomach was then brought through the mesocolon and 
sutured to the distal loop of the transected jejunum by side- (of stomach) to-end 
(open end of jejunum) anastomosis The proximal loop of transected jejunum was 
anastomosed to the distal jejunal limb about 6 cm below the gastrojejunostomy This 
left essentially a Roux en Y anastomosis without pyloric occlusion The postoperative 
course was uneventful He has adhered to a pioper diet and has m general remained 
well for seven years 

Comment — Despite antenor gasti o-entei ostomy, an opeiation piedispos- 
mg to subsequent maiginal ulcer, this patient went iS yeais without digestive 
symptoms befoie returning with a perforated jejunal ulcer This again 
shows the futility of five- and ten-year follow-up statistics on ulcer cases 
Though left with a physiologic arrangement (Roux en Y), which deviates 
alkaline juices below the stoma, this patient has gone seven years without 
evidence of a marginal ulcer The fact that his original ulcer was gastric in 
location, and quite some distance fiom the pylorus may bear some 1 elation 
to his failure to develop jejunal ulcer following a Roux en Y anastomosis 

Case 6 — No 71401 L T first developed peptic ulcer symptoms at the age of 20 He 
was treated dietetically for five years during which time there were frequent remissions 
and exacerbations of symptoms Upon his third admission to the Presbyterian Hospital 
(over five years after onset of ulcer symptoms) roentgenologic examination showed 
a 60 per cent residue after six hours Atropine was not tried At operation the duodenum 
was so bound down by adhesions that it could not be seen The gastrocolic omentum 
was short, anterior gastro-enterostomy was performed, followed by entero-enterostomy 
to prevent stasis in the long afferent limb Within a month he returned because of 
severe pam beginning to the right of the umbilicus and radiating to the right sub- 
costal margin Roentgenologic examination revealed a jejunal ulcer 2 cm below the 
stoma in the distal jejunal loop Histamine test showed free acid, 98, total acid, 120 
After three weeks of bed-rest and Sippy diet supplemented by moderate doses of 
atropine, the symptoms disappeared, and control roentgenograms no longer showed 
evidence of jejunal ulcer The patient left the hospital only to return for his fifth ad- 
mission, 16 months later, because of a severe relapse Roentgenologic examination again 
revealed the jejunal ulcer previously visualized It seemed best to remove the ulcer- 
bearing segment of jejunum in order to prevent acute perforation at a later date At 
operation, a jejunal ulcer was found, which had produced adhesions between the ulcerated 
portion of jejunum and parietal peritoneum The portion of efferent jejunal limb 
beaung the ulcer was excised and the cut ends of the gut were inverted The gastro- 
enterostomy and entero-enterostomy stomata were patent and were left undisturbed 
Convalescence was uneventful There has been no recurrence of symptoms to date (19 
months postoperatively) 

Comment — The outstanding feature of this case is the xapidity with 
which jejunal ulcer occurred when gastro-entei ostomy was combined with 
entero-entei ostomy It illustrates the greater vulnerability of low loops of 
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jejunum Entero-entei ostomy undoubtedly contnbuted to the formation of 
a jejunal ulcei by deviating alkaline juices fiom a segment of jejunum need- 
ing them most In this case intensive medical theiapy not only lelieved the 
symptoms of the jejunal ulcer but caused the disappeaiance of the roentgen- 
ologic findings in three weeks 

Case 7 — No 333264 J W first experienced symptoms characteristic of peptic 
ulcer at the age of 16 These continued intermittent!} for 13 years before he was 
hospitalized At the time of lus admission to the Presbyterian Hospital in March, 1932, 
roentgenologic examination showed a deformed duodenal bulb and a 25 per cent gastric 
retention alter six hours The gastric contents showed free acid, 84, and total, 98, 
after histamine stimulation Rest in bed and a Sippy regimen did not relieve the pain 
At operation, March 22, 1932, a dense scar was seen on the anterior duodenal wall, 
posterior gastro-enterostomy with entero-enterostomy was performed He was dis- 
charged, relieved, 011 the seventeenth day after operation Ten months later the ab- 
dominal pain and nausea returned Roentgenologic examination at this time showed 
a jejunal crater halfway between gastio-enterostoni} and entero-enterostomy stomata 
He was placed on an ambulatory ulcer diet Three w'eeks later he was admitted with 
an acute surgical abdomen and was operated upon immediately There had been a 
fresh perforation of a jejunal ulcer into the transverse mesocolon The perforation was 
sutured and the abdomen closed Convalescence was uneventful To date the patient 
has remained well 

Comment — This was an ideal case foi suigeiy, the history was of long 
standing (13 years), the 1 espouse to medical treatment was becoming less 
and less, there was evidence of pyloric obstruction, the gastric contents were 
hypeiacid However, when entero-entei ostomy was combined with gastro- 
entei ostomy jejunal ulcer developed within a year 

Case 8 — No 397854 A A developed symptoms of bleeding peptic ulcer at the 
age of 24 Roentgenologic studies done clsewdiere revealed a duodenal ulcer He was 
placed on a Sippy regimen for two months during which time the symptoms were only 
moderately alleviated Posterior gastro-enterostomy was then performed elsewhere, 
in 1927 He remained well for two years at which time lus sjmptoms recurred He 
was hospitalized and placed on a Sippy regimen for ten days, and was completely re- 
lieved, remaining so for two years He was again hospitalized elsewhere because of a 
severe relapse Roentgenograms indicated pyloric occlusion He was reoperated upon, 
and the pyloric occlusion verified A Billroth II resection w'as performed He was then 
well for two years at which time symptoms recurred, and w'ere worse than any he had 
experienced before He was admitted to the Presbyterian Hospital Roentgenologic 
examination revealed a marginal ulcer producing moderate obstruction Medical therapy 
afforded no relief and the patient was operated upon December 6, 1933 Two centimeters 
from the distal end of the gastro-enterostomy stoma was an indurated jejunal ulcer 
which was densely adherent to the transverse mesocolon The stoma was widely patent 
and was left tn situ, the operation consisting of resection of the ulcer, repair of the 
jejunum and side-to-side entero-enterostomy between the afferent and efferent jejunal 
limbs This left essentially a Y-type of anastomosis The postoperative course was 
uneventful Three weeks later the patient returned because of severe postprandial pain 
Roentgenograms taken at this time, and repeated a month later, showed a constricted 
jejunum, a jejunal crater with overlying tenderness, indicative of jejunal ulcer The 
pain disappeared after rest in bed, Sippy regimen, atropine and luminal The patient has 
not been heard from since 
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Comment — Despite gastrectomy (Billioth II), jejunal ulcer developed 
within two years Secondary operation for obstruction from this jejunal ulcer 
included entero-enterostomy in a jejunum which had already shown itself 
piedisposed to ulcer formation This deviation of alkaline juices must have 
played an important role in the unusually rapid development of the second 
jejunal ulcer, three weeks after entei o-enterostomy 

Case 9 — No 59085 B R first developed ulcer symptoms at the age of 22 The 
symptoms could be controlled by dieting and alkali, and it was not until two years later 
that he was first seen in the Presbyterian Hospital because of an acute attack of epigastric 
pain and vomiting Roentgenologic examination revealed a deformed duodenal bulb and 
15 per cent retention at the end of six hours He remained in the hospital for two 
months and was discharged on an ambulatory ulcer diet As long as he adhered to it he 
was well Unfortunately, his lack of will power led to frequent departures from the diet, 
each followed by a recurrence of symptoms He was operated upon April 3, 1925, fol- 
lowing a particularly severe episode of pain A small scar was noted on the lateral wall 
of the first portion of the duodenum A posterior gastro-enterostomy with entero-enter- 
ostomy was performed He did not adhere to diet after discharge and six months 
later returned because of severe postprandial pain Roentgenologic examination at this 
time showed a crater in the efferent jejunal limb, 1 cm below the stoma During the 
five years subsequent to the development of this marginal ulcer the patient has been in 
and out of this hospital and numerous others, leading a miserable life, except during 
spasmodic periods of adherence to a strict diet, alkali and belladonna 

Comment — Since gastro-enterostomy entails at least a temporary period 
of dieting postoperatively, such surgery is hazardous upon an individual who 
has shown himself unwilling to adhere to medical measures unless extreme 
indications for operation exist 

Case xo — No 250685 M B underwent an appendicectomy elsewhere, at the age of 
25 The abdominal pain for which he was operated upon persisted, and three months 
later he was reoperated upon in Dublin for “pyloric obstruction ” Posterior gastro- 
enterostomy was performed He remained well for two years, during which time he came 
to this country He attended the G I Clinic of the Presbyterian Hospital from 1926 to 
1929, during which time he had many attacks of severe pain in the hypogastrium and left 
iliac regions, several tarry stools and occasional hematemesis These symptoms usually 
responded to dietary measures Several roentgenologic examinations were made during 
this three-year interval but failed to show a marginal ulcer until December, 1929, at 
which time the gastro-enterostomy stoma had closed off completely He was operated 
upon January 6, 1930, at which time a scarred jejunum, adherent to transverse colon 
and mesocolon was found The operation consisted of taking down the anastomosis, clos- 
ing the opening in the stomach, resecting the stoma and ulcer-bearing segment of jejunum 
and reestablishing jejunal continuity by end-to-end anastomosis One month after dis- 
charge from the hospital digestive symptoms recurred Roentgenologic examination one 
year after operation showed a reactivation of an old duodenal ulcer Diet, alkali and 
belladonna usually afforded relief, but the patient would not adhere long to any regimen 
He was, therefore, readmitted for operation June 12, 1934, four and one-half years after 
operation for the jejunal ulcer The duodenum was so imbedded in adhesions it could 
neither be seen nor felt The transverse mesocolon was short and adherent It seemed 
best to section the stomach in the pars media, turn in the distal loop, physiologically ex- 
cluding the duodenum, and then perform an end-to-side, long-loop, anterior gastro- 
enterostomy and entero-enterostomy He convalesced rapidly and left the hospital on the 
eighteenth day Two weeks later he returned to the hospital because of low thoracic 
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pam, thought to be pleuritic in origin Strapping gave no relief Roentgenologic exami- 
nation showed no pleural or pulmonary pathology, but that of the G I tract showed a 
persistent crater just below the gastro-enterostomy stoma in the efferent jejunal limb 
With liberal doses of alkali and atropine the symptoms disappeared as did the crater seen 
roentgenologically At the present time, the patient has just been readmitted because 
of a recuirence of severe pam The jejunal ulcer is again visible roentgenologically 

Comment — The lapidity with which jejunal ulcer developed m this case 
illustrates the danget of deviating the gastnc contents to a low segment of 
jejunum, particularly when this segment is deprived of protective alkaline 
juices by entero-enteroslomy There is an oppoitunity to compare the length 
of time it took this patient to develop jejunal ulcer after two different types 
of gastro-enterostomy Originally, with a postenor gastro-enterostomy, he 
went foi six years before developing roentgenologic evidence of jejunal ulcer, 
whereas, after anterioi, long-loop gasti o-entei ostomy combined with an en- 
tero-enterostomy, he showed roentgenologic evidence of jejunal ulcer within 
one month 

Summary — Of these 23 patients with postopeiative jejunal ulcer three 
were female, 20 were male, this latio approximates the comparative incidence 
of duodenal ulcer in the two sexes 

In 21 of the 23 cases the original ulcei was m the duodenum This cor- 
responds with the impression of othei authois that patients with duodenal 
ulcei aie more apt to develop jejunal ulcei than those with gastric ulcer 

The intei val between gastro-enterostomy and evidence of existence of 
jejunal ulcer varied fiom 12 days to 18 yeais In seven cases, more than 
five years elapsed before the first recurience of digestive symptoms after 
operation In nine cases the first roentgenologic evidence of jejunal ulcer 
appeared from six to 17 years postopei atively Such figuies suggest the 
fallacy of end-iesults of gastric surgeiy based upon five- or even ten-year 
follow-up 

The Symptoms and Physical Signs of Jejunal Ulcei — In two cases acute 
peifoiation, two and 18 years after operation, was the first evidence of exist- 
ence of a jejunal ulcer Three other cases also experienced acute perfoiation, 
in these, however, antecedent symptoms suggestive of jejunal ulcer had been 
m existence for two, eight and 12 months respectively 

In discussing the symptoms of jejunal ulcer, as exemplified by these 23 
cases, it is essential to remembei that jejunal ulcer, like duodenal ulcer, 
probably begins with superficial ulceration of the mucosa, with or without 
bleeding from the mucosal vessels This is followed by penetration into the 
deeper coats, again with or without bleeding, and finally heals with scai tissue 
formation Consequently, different groups of symptoms arise depending upon 
the state of activity in the ulcer 

The symptoms due to bleeding and cicatricial obstruction did not differ 
markedly m these cases fiom symptoms characterizing the same states of 
activity m duodenal ulcer 


114 



Number 1 ! 8 POSTOPERATIVE JEJUNAL ULCER 

It was in the stage of ulcerative and penetrative activity that the jejunal 
ulcer gave symptoms markedly different from the original ulcer In general, 
the site of pam had shifted from the epigastrium to the umbilical region, and 
in several cases, even lower, to the hypogastuum The pam radiated to the 
left lower quadrant, or left flank, or directly through to the back, correspond- 
ing to the segmental innervation of the jejunum The pam was usually much 
worse than that of the original ulcer, occurred at more frequent mteivals, 
was more continuous and was less relieved by alkali or food In one case 
jejunal ulcer was ushered in by severe thoracic symptoms suggestive of 
pleural irritation Several of the patients, with no good evidence for the 
existence of obstruction, complained of severe “gas” which they had not 
experienced during coriespondmg stages of activity m their original ulcers 

With the development of gastrojejunocolic fistula (in one case it was 
asymptomatic) painless diairhea developed, later followed by the belching 
of foul-smellmg gas Fecal vomiting was not observed m any of these 
cases 

On physical examination abdominal tenderness was elicited a good deal 
more regularly than with the original ulcer In general the site of maximum 
tenderness was localized near the umbilicus, either slightly above or below 
it, and slightly to the right or left of the niidlme In those cases with obstiuc- 
tion the enlarged, dilated stomach or duodenojejunal loop could sometimes be 
palpated 

The Roentgenologic Diagnosis of Jejunal Ulcei — The loentgenologic signs 
of jejunal ulcer again depend upon the state of activity of the jejunal ulcei 
at the time of radiologic examination The earliest lesions, with only 
superficial ulceration, may exhibit only tenderness over the stoma 01 involved 
segment of jejunum As the inflammatory piocess advances, spasm and con- 
stnction appear at the site of tenderness If a considerable number of fluoio- 
scopic examinations are made, the constriction will not appear constantly 
This spastic narrowing of the jejunum will frequently disappear if the patient 
has received sedatives or antispasmodics before examination With deeper 
ulceration an actual crater appears As healing with scar tissue pi ogresses, a 
real cicatricial obstruction develops which is constant and does not respond 
to antispasmodics 

In three cases constriction had progressed so far that nothing passed via 
the stoma , in two instances the obstruction was so marked as to have produced 
a vicious circle, with barium emptying back into the stomach via the pylorus 
Other less frequent signs were marked reti action of the greater curvature 
above the site of the stoma, exaggeration of the jejunal mucosal folds, over- 
active penstalsis of the stoma or of the jejunum proximal to the ulcer and 
maiked dilatation of the jejunum above the constnction In one case, roent- 
genologic visualization of a gastrojejunocolic fistula was added evidence of 
the existence of a jejunal ulcer 

It may be lemaiked, parenthetically, that closuie of the gastro-enteros- 
tomy stoma does not necessarily mean that the oiigmal duodenal ulcer has 
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healed and that the moie natuial channel, the pyloius, is being preferentially 
utilized (Cannon 41 ), but may be the lesult of a cicatucial closure of the 
stoma following jejunal ulcet 

Gastnc Acidity in Jejunal Ulcei — Of ten cases which had gastric analyses 
at the time of development of jejunal ulcei (01 shortly before 1 oentgenologic 
evidence appeared) seven had a model ate hyperacidity, either m the fasting 
contents or in 1 espouse to a food test meal, two showed a noimal acidity and 
one showed an anacidity (in the one analysis made) It is mleiesting that 
this patient had a Roux en Y-resection, followed by jejunal ulcer, which 
healed under medical theiapy and is still asymptomatic, ten years after the 
opeiation It may be that the development of achloihydria is responsible for 
her failuie to develop another jejunal ulcer 

In five of these cases there w r as an oppoi tunity to compare the acidity of 
the gastric contents befoie operation for duodenal ulcer with the acidity at 
the time of development of jejunal ulcei In these cases gasti o-enterostomy 
did not succeed in diminishing the acidity of the gastric juice 

It is unfortunate that only one of the cases in which an entei o-enteros- 
tomy was combined with a gasti o-entei ostomy had gastric analyses at the 
time of the development of the jejunal ulcer As would be expected, this 
case showed a marked hypei acidity m the fasting contents as v r ell as after 
histamine stimulation 

Pieopciative Factois Conti ibutoiy to Jejunal Ulcei Foi motion 
Indications foi Suigeiy 

Duiation of Symptoms — Six of the 23 cases w r ere operated upon during 
then first attack, with antecedent symptoms only one week to tlnee months 
m duiation In nine of the 23 cases the duration of symptoms was less 
than eight months 

Duiation and Intensity of Medical Ti eatment — 111 only three cases is 
there evidence that medical treatment was adhered to faithfully for an ap- 
preciable length of time Foui cases leceived practically no medical treat- 
ment though in no case was operation considered emeigent 

Analysis of Symptoms — In three cases (originally opeiated upon else- 
where) the records of the symptoms piior to operation w r ere insufficient to 
permit any conclusion as to the indication foi opeiation In seven cases the 
pieoperative symptoms were characteristic of early ulceration, with no evi- 
dence of penetration, unconti ollable bleeding or cicatricial obstiuction In at 
least one case the symptoms were more suggestive of gallbladder disease, and 
gasti o-entei ostomy was perfoimed as a matter of routine, upon finding a 
gasti ic ulcer at celiotomy 

Of the remaining 12 cases the symptoms suggested penetiation alone in 
two cases, penetration and some degiee of obstruction in four cases, and 
obstruction alone in six cases 

Seven of the ten cases m which some degree of obstruction was suggested 
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by the symptoms showed definite retention upon loentgenologic examination 
Of these ten cases, five had gastiic analyses befoie opeiation and foui showed 
definite hypei acidity 

In no instance in which ohstiuction was consideied the indication for 
operation had belladonna (01 other antispasmodic) been given a piolonged 
trial preopei atively The impoitance of this is lllustiated by Case 3 upon 
whom gasti o-enterostomy was originally perfoimed because of obstruction 
The patient subsequently developed a jejunal ulcer and the anastomosis was 
taken down Shortly thereafter the original ulcer became reactivated and 
evidence of obstruction recurred This time, however, the obstruction re- 
sponded excellently to large doses of belladonna and gastric lavage If ob- 
struction be the indication for operation, it is essential to evaluate by lavage, 
antispasmodics and sedatives how much of the obstiuction is cicatricial and 
how much due to spasm and edema 

Operative Factors Contributor y to Development of Jejunal Ulcer 

Anterior, Long-Loop Gasti o-Enter ostomy — In three cases the original 
operation was an anterior, long-loop gasti o-enterostomy In two of these 
entero-enterostomy or Roux en Y drainage was established at the same time 
One of these cases had a recurrence of severe digestive symptoms three weeks 
after operation, and two months later showed definite roentgenologic evidence 
of jejunal ulcer The second case went for three years before developing 
roentgenologic evidence of jejunal ulcer The ulcer subsequently healed under 
medical therapy and the patient is still well, ten years after the original opera- 
tion The failure of this patient to develop another jejunal ulcer may be due 
to the fact that partial resection was performed at the time of Roux en Y 
anastomosis, or possibly to the development of an achlorhydna (her gastric 
contents having been found anacid on one examination) The thud patient, 
who did not have a simultaneous entei o-enterostomy performed, went eighteen 
years before suddenly perforating a jejunal ulcer At this time he was 
operated upon with Roux en Y technic, despite which he has gone for seven 
years without a recurrence This may be attributable to the fact that his 
original ulcer was gastric, supporting the hypothesis that jejunal ulcer is less 
apt to occur in patients with gastric ulcer 

Three other cases with jejunal ulcers following previous gastro-enterostomy 
were reoperated and an anterior, long-loop gastro-enterostomy with an entero- 
enterostomy established These three cases developed jejunal ulcer rn six 
months, three and one-half zveeks and tzuelve days respectively Entero- 
enterostomy by preventing adequate neutralization of gastric acidity is danger- 
ous , when combined with antei 101 gastro-enterostomy, so that a more vulner- 
able loop of jejunum is exposed to highly acid gastric juice, it is even more so 

Enter o-Enter ostomy or a Roux en Y Anastomosis — In nine of the 23 
cases entei o-enterostomy or Roux en Y anastomosis was the procedure em- 
ployed Four of the cases received this type of anastomosis at the time of 
the operation for the original ulcer Three of these developed jejunal ulcer 
in three weeks, ten months and six months respectively The fourth case had 
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a partial gastrectomy at the same time and went three years before developing 
jejunal ulcei 

In five othei cases enteio-entei ostomy was established at a subsequent 
operation foi jejunal ulcer Fom of these developed then second jejunal 
nice i m one month , sn months , tluee and one-half zveeks and f/t months 
i espectivcly These same patients had gone for tzvo ycais, two and one-half 
yeais, one yeai and seven yeais i espectivcly, befoie developing jejunal ulcer 
aftei then fhst opeiation, which in no instance included entei o-entei ostomy 
One of these cases came to operation a second time for jejunal ulcer 
The entero-entei ostomy was left in situ but a slightly lower loop of jejunum 
was anastomosed to the stomach This time evidence of jejunal ulcer ap- 
peared m three months At the third operation for the jejunal ulcer an 
anterior gastro-entei ostomy using a much lowei loop of jejunum, combineu 
with entero-enterostomy, was perfoimed In twelve days highly acid juice 
was discharging thiough a jejunal fistula which had perforated through the 
abdominal wall This indicates the danger of anastomosing the stomach to 
low loops of jejunum and of performing entero-enterostomy or other pro- 
cedures deviating neutralising alkaline juices from the gastro-enterostomy 
stoma 

Gasti ectomy as a Piotection Against Jejunal Ulcei — In three cases partial 
gastrectomy was pei formed as the ongmal opeiation for duodenal ulcer In 
two of these cases the resection was of the Billroth II type These two devel- 
oped jejunal ulcer two and four years after opeiation respectively In the 
third case a Roux en Y anastomosis was established in addition to the lesec- 
tion, and jejunal ulcer developed three yeais postopei atively 

Four other cases which had developed jejunal ulcer following gastro- 
enterostomy later underwent gasti ic lesection In one of these the operation 
was a Polya type of resection, and the patient is free of symptoms, six years 
later In the second of these four cases a Billroth II gastrectomy was per- 
formed and within three and one-half months the patient died of a perforated 
jejunal ulcer In the other two cases the Devine type of physiologic exclusion- 
resection was employed These two cases should really not be considered as 
gastrectomies, inasmuch as no actual gastric tissue is removed in this operation 
The unusual rapidity with which jejunal ulcer followed exclusion-resection m 
these cases (three and one-half weeks and 12 days respectively) was un- 
doubtedly attributable to the simultaneous establishment of entero-enterostomy 
It is not intended to discuss here the relative advantages or disadvantages 
of gastrectomy, but at least m this small group of cases it did not render the 
patients immune to the later development of jejunal ulcei 

Unabzoi bable Sutme Mateiial — In only one case was there reason to 
believe that unabsorbed suture material might have contributed to the develop- 
ment of jejunal ulcei In three other cases unabsorbable suture material had 
been used for the seromuscular stitch, but there was no later opportunity to 
examine the stoma 

Appendix — In five cases the appendix was removed at the time of gastro- 
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enterostomy In one of these cases, operated elsewhere, the pathologic report 
was "chronic appendicitis” In 14 of the 23 cases the appendix was not 
removed, and in those cases in which the gastro-enterostomy was performed 
at this hospital, it was lepoited as piesentmg no evidence of disease at opeia- 
tion Four patients came to operation for duodenal ulcer despite previous 
appendicectomy In comparing the intei val of freedom from symptoms fol- 
lowing gastro-enterostomy in the groups with and without appendicectomy, no 
significant differences could be noted Four of the patients who did not have 
an appendicectomy still remain well seven to 11 years after their jejunal ulceis 
have healed, either medically or by secondary operation One of the cases 
that did very badly after gastro-enterostomy had undergone an appendicectomy 
three months before gastro-enterostomy With so many factors contributing 
to the pathogenesis of postoperative jejunal ulcer it is natuially impossible to 
gam precise information as to the exact role played by the appendix From the 
data m these cases its impoitance would seem to be minimal and its loutme 
removal at the time of performing gastro-entei ostomy of questionable value 

Postopei ative Factois Conti ibutoiy to Development of Jejunal Ulcei 

Adherence to Diet — In 12 cases there was piactically no systematized 
dieting after operation One patient, operated upon elsewhere, did not re- 
ceive dietary instructions or precautions upon leaving the hospital Six of the 
patients who departed fiom then diets during the fiist year after operation 
experienced a return of digestive symptoms suggestive of jejunal ulcer within 
the same year The only two patients who adheied faithfully to a pi escribed 
diet remained well for 14 and 18 yeais lespectively before developing jejunal 
ulcer The geneial impression from a study of the records was that the inter- 
val of freedom fiom digestive symptoms aftei gastro-enterostomy was pro- 
portional to the penod of stnet adheience to a suitable diet 

Alcohol — Alcohol played very little role in the development of jejunal 
ulcer 111 these 23 cases Most of the patients who had previously enjoyed al- 
coholic beverages had learned from expenence that alcohol and peptic ulcer 
did not agiee I11 17 of the cases theie was no evidence of any use of alcohol 
In three cases thei e were definite statements that alcohol was being habitually 
consumed in at least model ate quantities Only one patient paitook of ex- 
cessive quantities 

Tobacco — Twelve of the 23 patients weie smoking at least moderately 
prior to, or at the time of letuin of digestive symptoms Some admitted 
smoking as many as 20, and one patient 30 cigarettes daily The lelationship 
between smoking and recunence of digestive symptoms need not necessanly 
have been a dnect one The excessive use of tobacco may simply have coin- 
cided with penods of mci eased nervous tension, or may have constituted only 
one phase of a geneial depaituie fiom ulcer regimen 

Latent Foci of Injection — The following were looked for as possible foci 
of infection Teeth, tonsils, sinuses, hemori holds, and the gemto-urmary 
tiact In nine cases there veie no appaient foci of infection at the time of 
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the first evidence of jejunal ulcer The othci 14 exhibited one or more poten- 
tial foci of infection In no instance, howevei, weie these foci considered im- 
portant or even contributory factois in the formation of the jejunal ulcer 
The evidence concerning the iole of infection in relation to peptic ulcer is 
purely speculative and still debatable However, m view of the mere possi- 
bility, that despite our lack of evidence infection may bear even a minimal 
relation to the development of peptic ulcer, it is woith while eliminating such 
foci of infection in patients with peptic ulcer 

Healing in Jejunal Ulcci — It is commonly thought, and lightfully so, 
that the existence of a jejunal ulcei is a constant threat to the patient’s safety 
Jejunal ulcers following anterioi gastro-entei ostomy have been considered 
more dangerous because of a tendency to peiforate freely into the peritoneal 
cavity, whereas jejunal ulcei s following postenoi gastro-enterostomy have 
been consideied more likely to become adheient to the transverse mesocolon 
and colon, with ultimate establishment of a gastiojejunocohc fistula These 
impressions were not necessarily borne out by this study Of five jejunal 
ulcers operated upon for perforation, two followed anterioi gastro-enterostomy 
In one of these free perfoiation had occuired into the peritoneal cavity Of 
the other three cases, following postenor gasti o-enterostomy, two had per- 
forated freely into the peritoneal cavity Gastrojejunocohc fistulae ultimately 
developed in two cases following postenor gastro-entei ostomy The dangei 
of such complications, perforation and gastrojejunocohc fistula might be con- 
sidered urgent aiguments for eaily opeiation in jejunal ulcer However, four 
patients have now gone from foui to ten yeais after showing evidence of 
jejunal ulcer, and lemam comfortable, except when they indulge in dietary 
indiscretions In four cases rigoious dieting pioduced 1 oentgenologic evi- 
dence of complete healing of the jejunal ulcei s In one of these cases the 
roentgenologic findings leappeaied within two yeais following departure fiom 
a suitable diet The fact that jejunal ulcei like duodenal ulcei may undergo 
penods of activity and quiescence suggests that if fluoroscopic examinations 
were made with every leturn of digestive symptoms following gastro-enteros- 
tomy, the incidence of jejunal ulcei might be fai gieatei than is commonly 
supposed The fact that jejunal ulcei s may heal spontaneously calls for the 
institution of vigoious dietary measures with alkali, and antispasmodics if 
necessary, at the slightest recunence of digestive symptoms 

The Rdle of the Neivous System in Postopei ative Jejunal Ulcei — The 
importance of mental trauma, emotional umest, the stiess and strain of 
civilized life have long been known to be among the undei lying causes of the 
development of peptic ulcei Ivy lamented the fact that dogs do not wony 
about the stock market and hence are highly lefiactory to the development 
of experimental peptic ulcei Volumes have been written on the impoitance 
of psychogenic and environmental factors in this disease, and the reader is 
refened to an excellent summaiy on the subject by Cushing 42 

It was evident that most of these patients either had a good deal to worry 
about, or were the type to worry a good deal over A^ery little It is difficult 
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to compare the environmental factors operating at the tune of the foimation 
of the original peptic ulcer with those m existence at the time of development 
of a jejunal ulcer, and only very general impressions may be obtained These 
point to the existence of intricate psychologic and sociologic problems deseiv- 
mg of most thorough study 

Pi ophylaxis and Theiapy of Jejunal Ulcer — It is obvious that the best 
treatment of jejunal ulcer is its prevention This does not necessanly mean 
performing less gastric surgery The fact that only 23 cases of postoperative 
jejunal ulcer could be found m the files of the Presbyterian Hospital is, 111 
itself, a recommendation for gastric surgery This, of course, with the reserva- 
tion that absolute indications for surgical mteivention must exist Unwill- 
ingness to adhere to medical measures does not constitute an indication for 
operation Since gastro-enterostomy entails at least a tempoiaiy period of 
dieting postoperatively, patients who have not adhered faithfully to medical 
measures are apt to do badly As for choice of surgical piocedure, entero- 
enterostomy, a Roux en Y anastomosis, or other pioceduie resulting in the 
deviation of the alkaline juices from the site of the gastrojejunostomy should 
be avoided Since the small intestine becomes increasingly vulnerable to the 
corrosive effect of gastric juice, the greater the distance from the pylorus, a 
jejunal loop as close to the ligament of Treitz as is consistent with a good 
anatomic result should be selected If the appendix appears diseased it 
should be removed The patient should be properly informed of the im- 
portance of dietary measures after operation, and should be especially warned 
to return to the most rigorous type of ulcer regimen with the slightest le- 
currence of symptoms Tobacco and alcohol should be forbidden Foci of 
infection should be eradicated preferably before operation And if, despite 
such precautions jejunal ulcer should still develop, immediate vigorous medical 
therapy should be resumed, surgery being reseived for the late complications 
of jejunal ulcer, namely, perfoiation, gastrojejunocolic fistula, uncontrollable 
bleeding and cicatricial obstruction If, on the other hand, the ongmal in- 
dications for operation were at all questionable, or if an unphysiologic type 
of anastomosis was employed, a surgical revision is indicated, with dissolution 
of the gastro-enterostomy or entero-entei ostomy 

The confidence of the patient must be gamed by a skillful psychotherapeutic 
appioach and his life so regulated, even to the point of altering his environ- 
ment, as to eliminate tangible sources of emotional disturbance 

CONCLUSIONS 

(1) Twenty-thiee cases of jejunal ulcer following operations for peptic 
ulcer have been studied Nine of these had their primary operation for pep- 
tic ulcei elsewhere 

(2) Jejunal ulcer occuned more fiequently m males in this series 

( 3 ) Jejunal ulcei occurred more often in patients opeiated upon for 
duodenal ulcei 

(4) The interval between gastio-entei ostomy and the development of 
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jejunal ulcer vaned considei ably, the shoitest being 12 days and the longest 
I 8 years 

(5) The symptoms, physical signs, loentgenologic diagnosis and chem- 
istry of the gastric contents in jejunal ulcei aie discussed 

(6) The indications foi gastnc suigeiy must he definite 

(7) Entei o-entei ostomy, Roux en Y anastomosis and other proceduies 
leading to inadequate neutialization of gastric acidity should be avoided 

(8) Low loops of jejunum should not he selected (this applies paiticu- 
laily to antenor gastio-enterostomy) 

(9) Partial, and even subtotal gastric icsection is no guaiantee against 
the futuie development of jejunal ulcer 

(10) The importance of the postopeiative legimen is discussed 

(11) The importance of the psychotherapeutic appioach to ulcer patients 
is discussed 

(12) The prophylaxis and theiapy of jejunal ulcer is discussed 

The author is greatly indebted to Drs Allen O Whipple and Arthur Purdy Stout 
for their helpful advice 111 the preparation of this study and permission to report these 
cases 
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FUSION IN CHARCOT’S DISEASE OF THE KNEE 


A NEW TECHNIC FOR ARTHRODESIS 
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FROM TIIL DEPARTMENT Of SURGERY, DHI8ION OF OUTHOI E DIC SI RCE in OF THF UNI\ FRSITE OF CALIFORNIA 

MFDICM SCIIOOI, S\N EUWCISCO, CU IE 

A tone of pessimism pervades the surgical literature dealing with arthro- 
desis for the tieatment of Charcot’s arthropathy Because only an occasional 
successful fusion has been reported, it seems of value to describe an arthrodesis 
obtained by means of a technic which has not been previously described 

The method consists of a two-stage operation, the object of the primary 
procedure being to impiove the vascular supply of the involved area through 
extensive multiple drill-holes The drill should be at least four inches long and 
one-fourth of an inch m diametei The technic consists of placing drill-holes in 
both femoral and tibial condyles in a fan-shaped distribution so that on each 
side the drill-point penetiates the cortex in the region of the parosteal bone 
formation, and in the shaft it should tiavel for thiee or four inches into the 
medullar)’’ cavity The leg is then immobilized by a postei lor plaster splint for 
a period of four to six weeks aftei which time a standard aithrodesis is 
performed 

It is well known that theie is no actual infection and no toxm present at 
the site of Chai cot’s disease The experimental woik of Eloesser showed that 
neuro-ai thropatlnes can be produced by tiaumatizing the joints of cats in which 
the limb has been previously rendered anesthetic by seveiance of the posterior 
sensoiy nerve loots It would appeal, therefore, that the underlying pathologic 
change is the destiuction of the noimal protective sensory mechanism of the 
joint so that it is unable to cany on its noimal response to trauma In a 
typical involvement of the knee there is pnmaiily diminished sensation, fol- 
lowed by marked effusion, distention of the capsule and lelaxation of the 
ligaments Ihese changes lead to injury of the articular caitilage and to 
marginal fractuies and sprains with extensive formation of loose bodies 
Because of lack of normal reparative processes the bones become sclerotic and 
theie is curtailment of the blood supply Thinning of the articular cartilage 
leads to fui ther sclerotic changes in the subchondral articulating areas Sclero- 
sis may also extend several inches from the joint margin Concurrently with 
these joint changes theie is a luxuriant growth of irregular masses of par- 
osteal bone which seems to be an effort to repair those injuries which extend 
tin ough bone to the area of the periosteum Because of the limited regenerative 
po\v ei s and the avasculanty of the bones making up these joints, it seemed 
Submitted for publication March 23, 1938 

124 



Volume 108 
>umber 1 


ARTHRODESIS FOR CHARCOT’S JOINT 


reasonable to attribute the failure of fusion to a lack of suitable bone tissue 
The anticipated change produced by the multiple drilling was verified when 
five weeks aftei such drilling of the femur and tibia microscopic studies of 
sections of bone showed new capillary formation and new fibroblasts and osteo- 
blasts in the channel where the drill had penetrated 

Case Report — E M , Italian, male, age 51, was examined, in 1927, by an internist 
because of paresthesia of the chest His blood Wassermann was four plus Intravenous 
and intramuscular antiluetic treatment was administered between 1927 and 1929 In 1931, 
while the patient was receiving weekly intramuscular injections of mercury, he began to 



Fig 1 — Preoperative roentgenograms (April, 1937) of a case of Charcot’s disease of the knee joint 

develop discomfort, swelling and instability of the left knee He was examined by the 
author at that time and a diagnosis of Charcot joint was made A Thomas walking- 
caliper brace was applied which allowed him to get about better, but he found it annoying 
In spite of continued antiluetic treatment the deformity and swelling of the knee increased 
until April, 1937, by which time the patient had become totally disabled because of a marked 
outward bowing of the knee, and the resulting instability so great that he could not walk 
satisfactorily (Fig 1) At that time the spinal fluid showed Wassermann, one plus 
Lange, 00x2210000 Cell count, 6 per cm Pressure 180 Mm Blood Wassermann 
negative Urine negative 

Opciative Pioceduies — April 19, 1937 Under spinal anesthesia, a median parapatellar 
incision two inches long was made exposing the knee joint Fifteen drill-holes were 
placed radially through both condyles of the femur and tibia with a one-quarter inch drill 
The leg was then fixed in a plaster splint On May 28, 1937, an arthrodesis was performed, 
employing the following technic A cup-shaped incision six inches in length was made 
cuning just below the patella Excessive synovia and the fat pad were removed About 
one-quarter of an inch of the tibia and of the femur were excised The tibial spines were 
refreshened and left protruding through a notch wdnch had been made in the intercondj lar 
fossa Fixation of the bones w r as then produced by the introduction of two Steinman pins 
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which entered through the upper end of the tibia and were introduced into the femur, 
crossing each other The leg was placed m a plaster hip spica The fixation pins were 
removed five weeks after operation 

Subsequent Com sc — Examination on August 25, 1937, showed clinically that the knee 
was solid The spica was removed and a posterior plaster splint applied On November 23, 



Tic 2 — Roentgenograms (November 2 , 1937) showing the result of the arthrodesis the and one half 

months after operation 

1937, union was present, demonstrated both roentgenologicallv and clinically, and the 
patient was allowed free weight-bearing 

SUMMARY AND CONCLUSION 

A report is made of a lapid and successful fusion 111 a case of Chaicots 
disease of the knee by a two-stage opeiation, the primary procedure consisting 
of multiple drilling of the involved bones to mciease their vasculanty and 
osteogenic power This pioceduie was followed five weeks later by an 
arthrodesmg type of operation 

The results of aitlirodeses upon neuropathic knee joints have been dis- 
appointing This may be attnbuted to the pool blood supply and to the 
sclerosis of the osseous tissue, rather than to any inherent loss in the processes 
of tissue leaction and regeneration 
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INTRAMEDULLARY PRESSURE WITH PARTICULAR REFER- 
ENCE TO MASSIVE DIAPHYSEAL BONE NECROSIS 

EXPERIMENTAL OBSERVATIONS 

Ralph M Larsen, M D 

Nashville, Tenn 

FROM THE DEPARTMENT OF SURGERY OF VANDERBILT UNIVERSITY, N’ASH\ ILLE, TENV 

As a lesult of Lexer’s 1 experimental studies, the anatomic distribution 
of blood vessels in long bones is now clearly understood But there has 
been so little concrete experimental study of the function of these vessels, in 
the voluminous literature dealing with growth, repair, regeneration, atrophy, 
necrosis and other disorders of bone, that their fundamental physiologic re- 
actions remain, with few exceptions, unknown 

Axhausen 2 found focal epiphyseal bone necroses associated with resorp- 
tion and incomplete repair in embolism of epiphyseal vessels Although Strep- 
tococci were cultivated fiom these lesions he attributed the degenerative 
change to ischemia rather than bacteria because of the absence of inflam- 
mation 

Nussbaum 3 experimentally verified the ischemic nature of the lesions 
described by Axhausen Nussbaum’s work is of particular interest because 
it is one of the few dealing with experimental vascular insufficiency of 
epiphyseal bones 

Muller 4 observed focal necrosis of compact human bone in advanced ar- 
terial scleiosis due, he believed, to infarction He attnbuted the brittle- 
ness of senile bone to these lesions and emphasized the difficulty of pro- 
ducing prolonged bone ischemia by simple arterial occlusion In no instance 
did he encounter medullary necrosis 

The experiments of Johnson 5 constitute the first fundamental contribution 
to our knowledge of the idle played by each of the three components of the 
blood vasculai system of long bones in bone repair Johnson concluded 
that outei coitical bone is supplied and its viability maintained by periosteal 
vessels, wheieas the internal portion of the shaft and metaphyses is supplied 
and kept viable by the nutrient and metaphyseal vessels 

Brunschwig 0 produced extensive bone and mairow necrosis in experimental 
animals by actually destioying most of the periosteal, metaphyseal and nu- 
tnent vascular connections In some of his experiments the necrosis involved 
almost the entiie shaft and marrow Infarction occurred only in animals 
with unclosed epiphyseal lines, and in no instance was there sequestration 
While Biunschwig had shown that bone and mairow could be killed by 
extensive mteifeience with their blood supply, Di inker and Drinker 7 first 
studied blood flow and cytology of living marrow vessels perfused with dif- 
Submitted for publication January 17, 1938 
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feient substances at diffeient piessuies They demonstiated the effect of 
stimulation and intei ruption of the ncive accompanying the nutiient vessels 
and the effect of asphyxia on volume flow of blood 1 heir experiments 
weie conducted, howevei, undei conditions in which collateral circulation of 
the penosteum and metaphyses was uncontrolled and the state of the epi- 
physeal caitilages in these expeuments is not cleaily described 

In 1928, Axhausen 8 and lus collahoiatois advanced the hypothesis that 
massive neciosis in acute suppuiative osteomyelitis is due to septic infarction 
of hone 

Phemistei 0 pointed out that the expenmental findings of Johnson and 
Brunschwig are conti aiy to this assumption because complete ischemia of a 
massive segment of diaphyseal coitex would requite obstiuction of at least 
two independent vasculai networks 

We would suggest, howevei, that the rigidity of the walls of medullary 
cavities in long hone, and the close mtei dependence of volume blood flow 
and piessure which this anatomic charactenstic implies, indicates that mas- 
sive neciosis of acute suppurative osteomyelitis may he due to ischemia caused 
by mci eased mtramedullaiy piessure, which may produce its effect inde- 
pendent of the couise and origin of the vessels involved Studies of the 
effect of piessure exerted in and upon long hones aie infrequently recorded 
in litei ature 

Beigman, 10 attempting to asceitain the mechanism by which the pressure 
of expansile tumors produced its changes, drove expanding pins into the 
medullary cavities of long bones Spiral fractures always followed Em- 
ploying pegs of diameter slightly less than the medullary cavity, he found 
extensive, painless lacunai resoiption, never involving the whole thickness 
of the shaft, associated with both periosteal and endosteal proliferation, and 
concluded that continuously acting pressuie from inside the medullary canal 
pioduces greater prohfeiation than absorption One must credit him with 
clearly emphasizing the impoitance of distinguishing changes in growing 
and adult bone, differentiating between dnectly and mdnectly applied pres- 
sure, and indicating the importance of the axis of the bone in which pressure 
is applied It is almost paradoxical that this investigator, studying pressure 
which produces its effect so frequently by disturbances in circulation, should 
have overlooked the importance of the tiemendous damage to medullary cir- 
culation which his experimental methods induced 

Robl, 11 studying the effect of externally applied pressure, wrapped the 
long bones of rabbits with elastic bands and springs, and produced resorption 
of a thin layer of underlying cortex, greatest at the site of greatest pressure 
He did not ascertain to what extent these changes were due to the immediate 
injury of the penosteal circulation or its subsequent exclusion 

Buikhardt, 12 applying pressure to the whole extremity by wrapping the 
legs of labbits and dogs with elastic bands, found that extensive bone neciosis 
accompanied soft tissue necrosis, that bone is especially susceptible to dis- 
turbances m circulation, that the marrow withstands ischemia better than 
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the compact bone itself, and that bone piolifeiation occuis only when the 
damage has been great enough to involve the mauow While the degiee and 
duration of circulatory exclusion is not quite cleai in his papei, it constitutes 
one of the first purely physiologic studies of the bone blood vasculai system 
The simplicity of the expenmental method is woithy of mention 

It is the puipose of this papei to lecoid expenmental lesults obtained in 
the study of mtiamedullary pressure with particular reference to massive 
diaphyseal bone necrosis 

Part I Studies of Inti amedullai y Vasculai Pi assure 

Animals — Ten dogs, young and old adults, iveie employed Some of 
these w^eie stieet dogs, other had been fed on legular balanced diets with 
adequate proteins, salts and vitamins foi a penod of several weeks befoie 
being studied 

Pi ep oration — The animals m good health were anesthetized with o 03 
Gm of baibital per kilo mti avenously They w r eie then given 200 mg 
Toionto hepann intravenously The right common caiotid w^as cannulated 
low 111 the neck and after shaving and piepaung the left thigh, the distal one- 
eighth of the femoial shaft was exposed without othenvise disturbing the 
penosteum 01 its adjacent and contiguous stiuctuies 

Piocedure — The penosteum ovei the antenor suiface of the femui was 
then incised veitically foi appioximately 25 cm, the central poition of the 
incised penosteum shipped laterally about 05 cm on each side, and the 
coitex of the femur w^as then perforated approximately 2 cm proximal to its 
distal epiphysis by a o 75 cm dull The marrow w^as punctuied by the pei- 
foratmg drill as it penetiated the cortex A tapeied thieaded steel cannula 
w^as then turned into the cortical perfoiation, immediately connected to a 
meicuiy manometer, and the piessure, thus obtained, recorded simultaneously 
with the light caiotid aitenal piessure on a common base line 

Results — In eight dogs the mariow cannula pressure obtained m this 
mannei rapidly rose to 30 to 40 Mm of mei cui y Piessuie vanations in the 
medullaiy system occuired simultaneously with caiotid aitenal pressure 
vanations but were of less magnitude Even Tiaube Heinng type vanations 
in pressure could be clearly seen in the medullaiy cannula system These 
pressuie 1 elationships peisisted for the duration of the life of the animal if 
anticoagulants weie repeatedly admmisteied 

In two dogs the medullaiy piessuie did not rise In one a clot was 
found about the bur-hole In the other the cannula had probably been 
scmved against the opposite wall 

Conclusions Pait I — When dogs anesthetized with barbital aie hepai- 
mized and the mariow cavity cannulated 111 the manner descnbed, the average 
relationship of aitenal to mtiamedullary cannula piessuie is appioximately 
3 1 and the mtiamedullary cannula piessuie changes parallel the arterial 
piessure vanations 
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Pait II Studies of ike Effects of Adienahn, Ephednnc, Pituitiin 
and Histamine on Inti aincdullai y Piessuie 

Adienahn Hydi ochlonde — Expenment Eight animals, prepared and 
anesthetized as in Part I, weie each given one-half minim of % 000 adienahn 
hydrochloride pel kilo mti avenously 

Results — In all experiments peifoimed, the following of wlvch is illus- 
tiative (Giaph i), essentially the same lesults were obtained Synchronous 

with the rise in artenal tension to 
200 plus Mm meicuiy, theie was a 
use of 4 to 6 Mm of mercury in 
the mtiamedullaiy cannula piessuie 
of only a few seconds’ duration, 
after which the inti amednllary can- 
nula piessuie precipitously fell from 
38 Mm of meicury to 12 to 14 Mm 
meicury wheie it remained during 
the period of elevated caiotid arte- 
nal piessure Theieaftei as the 
aitenal tension fell from 180 to 200 
Mm meicury toward normal, the 
mtiamedullary cannula pressure 
gradually lose so that both the ar- 
terial and mtiamedullary pressures 
leturned to their respective levels 
which they maintained prior to the 
administi ation of adrenalin at the 
same time There was no tendency 
to a delayed over-rise in the mtia- 
medullaiy cannula pressuie 

Pitmtnn (Swgical) — Experi- 
ment Eight animals, piepaied and 
anesthetized as m Part I, were each 
given one unit pei kilo pituitiin S, intravenously 

Results In all of oui expeuments we obtained essentially the same 
lesults as in the following graphically lllustiated expenment (Graph 2) 
Synchronous with the rise in arterial tension from 1 10-120 to 160 Mm mer- 
cury, there was a veiy brief use in mtiamedullary pressure of 2 to 4 Mm of 
meicury followed by an almost instantaneous drop fiom 36 to 8-10 Mm 
mercury Coincident with the giadual fall in arterial pressuie toward normal 
there was a slow piopoitionate recovery use m mtramedullaiy cannula pres- 
sure, both arterial and mtramedullaiy cannula pressure arriving simul- 
taneously at the level maintained prior to the administration of pituitrm 
Ephcdnne Hydi ochlonde — Experiment Four animals, prepared and 
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Gr\ph 1 — Adrenalin The upper ti -icing is 
the meicury manometer carotid artery pressuie 
The middle tracing is the mercury manometer 
medullary canty pressure Tile lowest tracing is 
the base line Initial arterial pressure 104 initial 
intramedullary cannula pressure 44 Mm mercury 
Ten seconds before the point of the abrupt use m 
arterul pressure one half minims per kilo 1/1000 
adrenalin chloride was given intravenously left 
jugular Duration of this experiment approximate!' 
ao minutes Note the abrupt and marked divergence 
ot arterial and intramedullary cannula pressure 
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anesthetized as m Part I, were each given 25 mg per kilo ephedrme hydio- 
chloride mti avenouslv 

Results — The following graphically illustrated experiment (Giaph 3) is 
typical of the results obtained in all dogs studied S\nclnonous with the 
rise in artenal tension from 1 10-120 to 180 Mm mercuiy there was a rise 
111 intramedullary pressuie fiom 34-36 to 52-54 Mm meicury This rela- 
tionship peisisted throughout the effective period of the drug so that both 
the aitenal and mtiamedullaiy cannula pressure reached the level sustained 
pi 101 to the adnnnistiation of ephednne simultaneous!) 


t 
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Graph 2 — Pituitrin The upper tracing is the mercury manometer carotid arterj pressure 
The middle tracing is the medullarj cavit> pressure The lowest tracing is the base line Initial 
arterial pressure 104 Initial intramedullar cannula pressure 36 Ten seconds before the prinnn 
rise 111 arterial pressure one unit per kilo, pituitrin S, was administered mtra\enonsl> left jugular 
The transitory rise in intramedullar} cannula pressure followed by the precipitous fall sustained 
throughout the period of hypertension is apparent Duration of recorded experiment approximately 
one hour 

Histamine — Expenment Foui animals, piepaied and anesthetized as 
m Pait I, were each given 005 mg pei kilo histamine hydiochlonde mtia- 
venously 



•I U iif 


y T'wrW'mpMf, jjjtj jjj „ 


Graph 3 — Ephedrme The upper tracing is the mercur\ manometer carotid arter\ pressure 
The middle tracing is the mercurj manometer intramedullar cannula pressure The lowest tracing 
is the base line Initial arterial pressure 100 Initial intramedullar cannula pressure 38 Ten 
seconds before the abrupt rise in arterial pressure dog was gi\en 2 5 mg per kilo ephedrme h\dro 
chloride mtra\enous left jugular The precipitous sustained rise in intramedullar} cannula pressure 
throughout the period of h>pertension is apparent Duration of recorded expenment approximateh 
one hour 

Results — The lesults m all dogs studied were almost identical with the 
following giaphically lllustiated expenment (Giaph 4) Coincident with 
the abiupt fall of aitenal piessuie fiom 120 to 30 Mm meicury tlieie was 
an abiupt fall in mtiamedullaiy pressuie fiom 34 to 24 Mm mercui), 
widely dispiopoitionate to the fall m aitenal tension Inconstantly present 
was a shoit h\ed secondaiy use 111 intramedullar) piessure aftei the initial 
decline 


131 



RALPH M LARSEN 


Annals of Surgery 
Julj 1038 


Compcinson of the Picssmc Effects of Adienahn, Ephedune and Pitm- 
tnn S — Giaph 5 is an illustration of the diveigent effect of both adienahn 
and pituitnn between caiotid artenal and intiamedullaiy cannula piessuie, 
conti asted with the paiallel effect of both ephedune and histamine on these 




piessuies 

Conclusions Pait II — In animals piepaicd as desctibed m these experi- 
ments, the cleai -cut, constant diveigent effect pioduced by both adienahn 

and pituitnn between arterial and 
intiamedullaiy cannula pressure and 
the paiallel effect of ephedune on 
these piessuies aie clearly estab- 
lished f ; I " 

It is not within the scope of this 
papei to investigate the minute phys- 
iologic and pbai macologic reactions 
which undeihe these cleai -cut ie- 
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GRArn 4 • — Ihstmiine The upper tricing is 
the meicurj imnomctei cuotul irtcrv pessuic 
The ni dtlle tricing is the mercury in momctcr 
intrimedull iry cinnuli pressure The lowest trie 
ing is the Inse line Imtnl irtetid pressure 106 
Initnl intrimedullarv cinnuli presstuc 3S Hight 
seconds before precipitous fill in ittcrnl pressure 
dog was given 005 mg kilo histimine hydro 
chloride intravenous left jugulir The precipitous 
fill in intramedullary cinnuli pressme ind its 
griduil lecoverv ire ippirent nuntion e\peri 
ment ipproxinntely 25 minutes 

tmuity with the intiamedullaiy vascular 
m accoi d with wdiat one would anticipate 
enclosed m ngid walls 


suits 

We aie well aware that the pies- 
suies developed in the mtramedul- 
laiy cannula maj not be the exact 
mtiamedullan piessure in these ex- 
pel nnents Ceitamly, however, the 
fluid in the intiamedullary cannula 
space w r as in cluect piessure con- 
prcssuie, and the lesults obtained aie 
wdien dealing with a vasculai netwoik 


Pait III Studies of Dcgenei ative Changes Occumng in Long Bone Fol- 
lozvmg Elevation of Intiamedullaiy Piessuie by Physiologic Saline Solution 

Expei miental Pioceduic — Pait A Dogs and pups ranging fiom 7 to 
14 kilos were deeply anesthetized with baibital 25 mg pei kilo, and the 
anesthesia maintained by lepetition of one-half the above dosage of baibital 


I 



Grvpii 5 ' — Shows the lesults of a composite experiment in which drugs were given in sequence 
producing their charactenslic change in intramedullary cannula pressuie The precipitous fall an 1 
slow use with adrenalin and pituitnn is in interesting contrast to the sustained rise produced 
with ephcdrine (a) Adienal n (b) Ephedrine (c) Pituitnn S 

suppoited by 34 Gi moiphia whenevei the annuals reacted sufficiently to 
whine 01 move 
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Tabu: I 


GROUP I — BUR-HOU' IN SIIArT Ol' BONI' 


Hydrostatic Pressure of 65 to 75 Cm 


Ha dro- 

Length 

Num- 

Inter- 

static 

of Time 

ber 

\al 

Pres- 

Pressure 

of 

before 

sure 

Was 

Cc 

Dog’s 

in Cm 

Applied 

Infused 

Death 


Condition of Bone after Death 
Other Remarks 


15 Dog did not recover from anesthetic 


4 

65 

22 hrs 

(clot m 
cannula) 

24 hrs 

There w r as no edema or separation of 
periosteum 

0 

65 

22 hrs 

400 

(clot m 
cannula) 

36 hrs 

Dog did not recover from anesthetic 
There was no edema or separation of the 
periosteum 

15 

65 

24 hrs 

400 

19 da} s 

On fifth postoperative daj wound spon- 
taneously partially disrupted, drained san- 


guinoseropurulent material 4 days, then 
gradually healed over Killed on nine- 
teenth day There was an irregular thin 
la;\ er of periosteal new bone deposited over 
distal half of shaft, the underlying cortical 
bone was grossly normal and the marrow 
in the distal half was gray Epiphyseal car- 
tilages grossh normal 

On sixth postoperative day wound spon- 
14 65 48 hrs 2,000 23da\s taneoush disrupted, discharged serosan- 

gumeous material for 6 daj r s, then gradually 
closed Killed on twenty-third day There 
was slight thickening of periosteum around 
bur-hole Cortical bone grossly normal 
Marrow m immediate vicinity of bur-hole 
grayish, amorphous, surrounded by plug 
of granulation tissue Epiphyseal cartilages 
normal 

No separation of w r ound although on 
01 7° 20 hrs 2,650 7 days third day considerable swelling of soft tis- 

sues of entire thigh Killed on seventh 
day Periosteum slightly thickened, easily 
stripped No gross defect m cortical bone 
Bur-hole marrow^ defect filled with vascu- 
lar granulation tissue Epiphyseal lines 
closed Epiphyses normal 


Opciative Piocedwe — The animals weie well padded and their xestraints 
loosely applied The entue thigh and leg were shaved and cleaned and a 
lateial veitical incision made over the lateial mtei nnisculai septum, the 
muscles weie separated at the septum and two inches of the distal femur 
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exposed The lateial penosteum was then incised vertically 3 cm, shipped 
lateially 05 cm at the nndpait of the incision and the nuclei lymg coite\ was 
then peifoiated by a o 75 cm dull The underlying manow was penetiated 
as the di ill slipped tin ough the coi tical bone A phlanged sci ew cannula was 
then turned into the medullaiy cawty A piessuic appaiatus supplying sterile 
salt solution, 09 pei cent, was then coupled to the cannula and the wound 
in muscle, fascia and skin closed with intei lupted silk No attempt was 
made to close the periosteum 

At the tei initiation of the expeiiment, the piessuie foi the fiist time was 
lowered 01 discontinued and the cannula lemoved A single skin suture 
previously placed at the site of the emeigence of the cannula was then tied 
Collodion chessmg was applied and the dog allowed up without splints 

Tabi r II 

Hydrostatic Pressure of 105 to 135 Cm 


Hydro- 

Length 

Num- 

Inter- 

static 

of Time 

ber 

val 

Pres- 

Pressure 

of 

before 

sure 

Was 

Cc 

Dog’s 

in Cm 

Applied 

Infused 

Death 


Condition of Bone after Death 
Other Remarks 


No separation of wound although from 
30 105 24hrs 350 10 days third to seventh day thigh was extremely 

swollen Killed on tenth day There was 
diffuse thickening of very vascular, nor- 
mally adherent penosteum, beneath which 
there was widespread deposit of new bone 
intimately adherent to old shaft which 
when separated from the subperiosteal 
bone was irregular and motheaten on the 
opposing surface There was an area of 
white bare bone about 2 cm long on each 
side of the bur-hole Marrow irregularly 
soft, homogeneous, yellow throughout 
canal Epiphysis closed, no gross abnor- 
mality 

On fifth postoperative day wound opened 
34 135 2 3 hrs 6,600 10 days spontaneously, drained large amount of 

purulent material and was granulating 
Draining when animal was killed on tenth 
day There was diffuse thickening of very 
vascular periosteum which formed part of 
the wall of a large extrapenosteal abscess 
Diffuse deposit of large amount of sub- 
periosteal new bone intimately continuous 
with bone of old shaft from which it could 
be peeled leaving rough mottled surface 
Small area bare yellow bone immediate 
vicinity bur-hole Marrow irregularly ne- 
crotic Epiphysis closed, no gross abnor- 
mality 
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Table III 

Hydrostatic Pressure of 180 Cm 



Hydro- 

Length 

Num- 

Inter- 


Dog 

No 

static 

of Time 

ber 

val 

Condition of Bone after Death 

Pres- 

Pressure 

of 

before 

Other Remarks 

sure 

Was 

Cc 

Dog’s 


in Cm 

Applied 

Infused 

Death 


80* 

180 

12 hrs 

400 

14 days 

Wound did not disrupt On fourteenth 
day when killed there was massive seques- 


tration of distal one-third of shaft, from 
which the periosteum was separated by a 
large amount of thm purulent fluid, com- 
plete separation from the distal epiphysis 
and diffuse deposit of new bone over cortex 
of upper two thirds of shaft, beneath which 
old cortex was rough but m intimate con- 
tinuity with newly deposited bone Mar- 
row totally necrotic in distal one-third, ir- 
regularly necrotic mid shaft, and red near 
upper metaphysis 


Wound remained closed Marked swell- 
117* 180 22 hrs 2,100 16 days mg and redness until sixth postoperative 

day Killed on sixteenth day Distal one- 
third of shaft except in immediate vicinity 
of epiphysis bare and white Periosteum 
elevated and separated from dead bone by 
pus Epiphyseal line closed No separa- 
tion General deposit new firmly adherent 
subperiosteal bone remainder of shaft 
Marrow necrotic except in spongy bone 
adjacent to epiphysis 


Wound healed without disruption Killed 
1 14* 180 20 hrs 3,400 12 days twelfth day Complete sequestration shaft 

with separation of periosteum by sub- 
periosteal pus and separation distal epi- 
physis 


Wound infected Drained very little 
47 180 24 hrs No ap- 18 days Killed on eighteenth day No bare bone 

preciable save m immediate vicinity of bur-hole, 

infusion filled with granulation extending into mar- 

row which was widely necrotic and amor- 
phous Extensive thinning of old cortical 
bone by granulation tissue m marrow and 
deposit of new layer of subperiosteal bone 
thicker than the original diaphysis Epi- 
physeal lines closed and there was marked 
absorption of end of shaft adjacent, which 
was replaced by cancellous bone from the 
epiphysis partly obliterating the distal 
marrow space 


* Mixed flora including Staphylococcus aureus obtained from subperiosteal fluid of animals 
80, 1 17 and 1 14 
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Table IV 

Hydrostatic Pressure of 240 to 26 5 Cm 


Hydro- 

static 

Pres- 

sure 

in Cm 

Length 
of Time 
Pressure 
Was 
Applied 

Num- 

ber 

of 

Cc 

Infused 

Inter- 

val 

before 

Dog’s 

Death 

256 

24 hrs 

? but in- 
fusion took 
place 

8 days 

240 

20 his 

1,500 

12 days 


6 265 


37 days 


73 180 


12 hrs 


1 1 days 


Condition of Bone after Death 
Other Remarks 


Died Extensive necrosis of bone with 
separation of both epiphyses and denuded 
lower one-third of shaft Grossly infected 
During 8 of the 24 hours of pressure, tap 
water was used 

Marked swelling of thigh from second to 
sixth day when wound broke open and 
drained small amount for 3 days Killed 
on twelfth day Entire shaft bare except 
small area of attachment (?) at linea 
aspera and at metaphyses, where the 
periosteum for approximately 1 cm was 
adherent to the underlying epiphysis and 
resorbing shaft through a layer of new 
bone 05 cm thick A clear-cut line of sep- 
aration between the shaft and epiphysis 
was clearly demonstrable at the cortex but 
the medulla for approximately 2 cm was 
replaced by dense cancellous bone continu- 
ous with the epiphyseal bone and new' sub- 
periosteal bone deposits The periosteum 
itself was greatly thickened and extremely 
vascular It contained new' bone only 
where directly approximated to dead shaft 
near the metaphvses and along the linea 
aspera 

Killed on thirty-seventh day There is 
tremendous enlargement of the entire shaft 
When bisected the thickening is found due 
to tremendous, diffuse deposit of new, dense 
subperiosteal bone The outline of the old 
shaft is very irregular both on periosteal 
and endosteal sides It, m places almost 
invisible, is still present at the midshaft 
but near the epiphysis is obliterated by 
new bone The marrow cavity is entirely 
filled with dense spongy bone directly con- 
tinuous with epiphyseal bone and sub 
periosteal new bone 

Wound grossly infected from onset 
Killed eleventh postoperative day Large 
abscess involving deep tissues and com- 
municating with separated periosteum 
Distal one-half of shaft bare Distal epi- 
physis separated at epiphyseal line 
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Part B In this series the same anesthetic and pieparation weie employed 
as m animals m Part A The maiiow was cannulated by exposing the 
femoral condyles and peiforatmg the epiphysis and metaphysis Pressure 
was applied as m Part A, and at the teimmation of the expeiiment the can- 
nula was removed and the dull hole plugged with wax and fascia The joint 
capsule and skin were then closed with intei lupted silk 


Table V 

GROUP 2 — BUR-HOLE IN INTERCONDYLAR REGION 
Hydrostatic Pressure of iSo Cm 


Dog 

No 

Hydro- 

static 

Pres- 

sure 

in Cm 

Length 
of Time 
Pressure 
Was 
Applied 

Num- 

ber 

of 

Cc 

Infused 

Inter- 

val 

before 

Dog’s 

Death 

Condition of Bone after Death 

Other Remarks 

3 

180 

24 hrs 

4,000 

7 days 

Killed Extensive necrosis of entire 
shaft Complete separation periosteum 
from shaft 

6 

180 

32 hrs 

? but in- 
fusion took 
place 

9 days 

Died Extensive necrosis of left femur 
Separation of epiphyses and periosteum 
Large accumulation of subperiosteal pus 

1 7 

180 

24 hrs 

? but in- 
fusion took 
place 

5 days 

Killed Specimen discarded No bone 
necrosis or periosteal change Bur against 
opposite wall? 

37 B 

180 

24 hrs 

Only 

small 

amount 

10 days 

Killed Periosteal thickening No re- 
sorption No separation of epiphysis Plug 
of compressed marrow and blood at mid- 
part of marrow canal This may have oc- 
cluded the cannula 

2 

180 

24 hrs 

? but in- 
fusion took 
place 

7 days 

Killed Extensive separation periosteum 
from distal one-half of shaft No separa- 
ration epiphysis Marrow widely de- 
stroyed by cannula 


Summaty Pait III — When the femoial maiiow cavity is infused with 
physiologic salt solution 

(A) At piessures fiom 65 to 75 cm of salt solution foi 20 to 24 houis 
(Table I) 

(1) The amount infused langes from 400 to 2,650 cc 

(2) Theie is no edema 01 elevation of peiiosteum dunng penod of in- 
fusion and foi 24 hours afteiwaid 

(3) The maiiow is killed lriegulaily distal and adjacent to the site of 
infusion 

(4) Sequestration of bone does not occui although the wounds aie giossly 
infected 

( 5 ) There occurs a small amount of jienosteal new bone especially distal 
to the site of infusion 
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(B) At piessuies fiotn 105 to 135 cm salt solution foi 23 to 24 hours 
(Table II) 

(1) The amount infused ranges fiom 350 to 6,600 cc 

(2) The manow is killed megulaily thioughoul most of the cavity 

(3) Sequestration of bone occuis only m the immediate vicinity of the 
site of infusion even though the wound be giosslv infected 

(4) Penosteal new bone is deposited thioughout the extent of the shaft, 
and theie is resoiption of the undei lying coitical bone 

(C) At pressuies of 180 cm 01 gieatei salt solution foi 12 hours 01 more 
(Table III) 

(1) The amount of salt solution infused langes fiom 400 to 3,000 cc 
(Table V) 

(2) The manow becomes completely neciotic 

(3) Massne neciosis of bone x\ ith subsequent separation of periosteum 
and one or both epiphyses occuis Because of spontaneous reopening of 
wounds, as subpenosteal fluid accumulated, all wounds studied ultimately 
became infected in this senes Mixed floia including Staphylococcus am cits 
were recovered fi om all w ounds studied 

(4) Typical mvolucium may be formed wheie sequestration occurs In two 
instances (Dogs 6 and 37A, Table IV) sequestiation did not occui but a massive 
segment of old shaft Avas undei going substitution when animals weie killed 

Conclusions Pait III — (1) The medullaiy infusion of 09 pei cent 
salt solution at piessuies below 75 cm for 24 to 48 hours does not lead to 
bone necrosis even though the wounds are giossly infected 

(2) The medullai) infusion of 09 pei cent salt solution at piessures of 
180 cm or greatei foi as shoit a period as 12 hours, independent of the 
amount infused, leads to massive bone necrosis, followed by massive seques- 
tration in bones whose epiphyseal caitilage existed at the time of the expen- 
ment, and widespread resorption in bones wheie epiphyseal lines had closed 
prior to the experiment All wounds studied bactenologically in this series 
ultimately became infected 

(3) The continued infusion of salt solution, the absence of necrosis or 
substitution in bones exposed to (55 Mm mercuiy) 75 cm salt solution pres- 
suie foi 24 hours even when infection follows, and the constant bone sub- 
stitution or sequestration incurred by application of piessuies of (77 ^ nl 
mercury) 105 cm salt solution 01 gieatei leads us to the conclusion that in- 
creased mtramedullaiy pressure may be of extieme importance m the pio- 
duction of massive bone necrosis 

(4) In these experiments “stripping” of the peuosteum was not a factor 
in the pioduction of bone neciosis since the peuosteum was incised at opera- 
tion widely enough to allow of decompression throughout the period required 
for periosteal detachment to occur Detachment of periosteum is, therefore, 
secondary to necrosis of the shaft in these experiments and repiesents the re- 
action of the living periosteum to the dead infected bone, rather than a 
primary factor 111 the production of massive necrosis 
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(5) Out experiments suggest that sequestration of dead bone occurs only 
when theie has been complete destiuction and long continued exclusion of 
the vasculai connections between bone and sui rounding vascular tissue 

DISCUSSION 

We aie awaie that m the expemnents cited the maiiow cannula fluid was 
often in continuity with the open maiiow vasculai system However, the 
lapidity with which marrow cannula pressuie changes were induced by the 
di lies administered in Part II as well as the marked variation of fluid infused 

o 



Tig 1 - — A roentgenogram taken 
18 dajs postopentne of an e\peri 
mental animal whose tibi 1 had been 
subjected to 160 cm salt solution for 
24 hours (Tor the sake of clearer 
roentgenographic reproduction, the 
tibia abo\e, not included in the foie 
going experiments was used rather 
than the femur ) 



Fic 2 — A photograph of a 
tjpical specimen of massive necio 
sis produced by high intiamedul 
lary pressure (240 cm ) which 
was removed from Dog 37A, 
Table IV 


m Part III suggest that the degree of open communication between marrow 
vessels and cannula fluid m these expemnents was relatively insignificant 
In long bones the total medullary capacity m a given bone is fixed by the 
mexpansile cortex forming its walls except as it is modified by growth or dis- 
ease Moreover, excluding the marrow vessels the medullary cavity is 
occupied by relatively incompressible material Intiamedullary tension must, 
therefore, be normally dependent upon intravascular tension Likewise any 
increase m the relative volume of extravascular tissue can occur only at the 
expense of the volume of blood in the vascular bed 

In our pressure expemnents, therefore, it would seem that whether the 
circulation m bone and marrow was excluded by compression of vessels or 
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by substitution of salt solution by infusion is insignificant And, while pait 
of the exclusion of the cnculatoiy bed m acute suppuiative osteomyelitis is 
piobably due to the accumulation of lnflammatoiy exudate m extiavasculai 
tissues of bone and manow, this piocess is piobably of greatei importance 
in zoning piessuie heads within the manow cavity than in the pioduction 
of absolute ischemia as indicated by the lesults of Johnson’s 0 experiments 

In oui opinion the lesults of the foiegoing expenments have an extremely 
impoitant clinical application in the tieatment of acute suppuiative osteomy- 
elitis 

Since massive sequesti ation of diaphyseal bone can occui only secondary 
to massive bone neciosis, and since massive diaphyseal bone neciosis results 
fiom ischemia produced piimanly by piessuie, the fundamental principle in 
the treatment of acute suppuiative osteomyelitis is the iclcase of piessuie m 
the infected bone befoie the bone is killed 

Failuie to clcaily distinguish between massive neciosis and sequesti ation 
of diaphyseal bone, pointed out ycais ago by Axhausen,-' and so important 
m oui piesent concept of the pathogenesis of sequesti ation in suppuiative 
osteomyelitis, is lcsponsible foi much of the curient disagieement as to 
methods of treatment of acute suppuiative osteomyelitis and infected com- 
pound fiactuies 

Once diaphyseal bone neciosis has occurred m the piesence of infection, 
the suiioundmg living bone and penosteum detach themselves, and depend- 
ing upon the degiee and dui ation of vascular exclusion, sequestration in- 
evitably ensues The problem then becomes one not of dealing with acute 
osteomyelitis, blit of sequesti ation and chionic osteomyelitis Obviously, 
since the amount of sequestration paiallels the degiee and duration of vascular 
exclusion fiom the dead bone pieseivation of maximum vasculai connection 
with the injured bone and the earliest possible leapposition of vasculai tissue 
to the dead bone is of the gieatest impoitance in ti eating this phase of the 
disease 

In acute suppuiative osteomyelitis, it is, theiefoie, necessary that the in- 
volved metaphysis be opened early if massive necrosis and subsequent se- 
questi ation aie to be avoided 
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THE EFFECT OF THE DIRECT APPLICATION OF COD LIVER 
OIL UPON THE HEALING OF ULCERS OF THE FEET IN 
PATIENTS WITH DIABETES MELLITUS 

Harold Brandaleone, M D 
New York, N Y 

FROM THF DIABETIC CLINIC OF THE THIRD (SFW lORK UNINERSITl) MEDICAL DIMSION, IIFLLEX UE IIOSPIT VL, 

NFM 10RK 

In a previous study 1 we found that caieful caie of the feet of patients with 
diabetes melhtus deci eased the incidence of infection of the feet, improved the 
condition of the skin and helped in healing the ulceis In many cases, how- 
evei, in spite of this tieatment, the ulceis failed to heal and constant foot caie 
was necessaiy to avoid seiious infection It occuiied to us that as the tissues 
of many of these patients w-eie not in an optimum state of nutrition and as 
vitamin A stimulates the giowth of epithelial tissue, that the direct applica- 
tion of cod liver oil might be an effective method of treatment The healing 
action of cod livei oil has been repoited by seveial obseivers who used it in 
the tieatment of wounds, burns, ciushmg injuries, supeificial soies and car- 
buncles, 2 t0 11 with lesults that the authois felt pointed to an increased rate of 
healing Cod livei oil has also been leported to have a bactericidal powder 12 13 
Obscivations — Two gioups of diabetic patients have been studied, one a 
control group of n patients who leceived loutine foot caie, consisting of daily 
foot soaks, thorough diying, and the application of lanolin This routine foot 
care was earned on for a penod of fiom one to 32 weeks The second group 
consisted of 21 patients who had received routine foot caie for a penod of 
from one to 136 w'eeks when cod liver oil w r as applied locally to the lesions 
These patients may be consideied as their own controls dunng the period 
pi 101 to the use of cod liver oil Some of the patients in Group II w^ere also 
in the control group, but the lesions were at different sites, except in Cases 1, 
6, and 17 

The routine foot care used in the Clime has been descnbed 1 It is admin- 
istered weekly m the clinic and also daily by the patient at home When cod 
liver oil tieatment w r as instituted this foot care w r as continued, but after dry- 
ing the feet, gauze saturated with cod liver oil was applied duectly to the ulcer 
and this w r as kept in place by a noncompressing bandage 

Of the 11 patients in Gioup I there were foui males and seven females 
The aveiage age was 59 yeais Eight of the patients were on insulin and the 
average duration of diabetes was 6 7 years Six had multiple lesions , five 
required hospitalization 

In Gioup II all but four of the patients w^eie ovei 50 yeais of age The 
age m both gioups is consistent with pieviously lepoited obscivations 1 111 
Submitted for publication December 10, 1937 
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Table I 

EITECT OF ROUTINE FOOT CARE UPON ULCERS OF EXTREMITIES IN DI \BETIC PATIENTS 

Group I 
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Volume 108 ULCERS OF FEET IN DIABETICS 

Number 1 

which 81 per cent of the patients with infections or ulcers of the feet were 
over 50 yeais of age Eleven of the patients studied were females and ten 
weie males The duration of the diabetes vaned from one to 17 years Twelve 
of the patients required insulin There were no significant changes in the diet 
and insulin 1 equu ements in the periods befoi e and during cod liver oil therapy, 
so that these factois did not influence the lesults Fifteen of the patients had 
multiple lesions at the time of this study (Table II) Six of them had to be 
hospitalized because of the degree of infection piesent 

Results — In the contiol gioup (Table I) the lesions in Case 1 were 1m- 
pioved after 13 weeks but healing did not occui In Case 6 there was im- 
provement and healing of the lesions, but they recuried latei Cases 8, 12 
and 17 impioved aftei 22, 13 and 14 weeks lespectively Case 19 developed 
ulcers of the same size and type simultaneously on the third left and fourth 
right toes One ulcei was tieated with loutme foot caie and the other with 
cod liver oil The ulcei on the thud left toe, not tieated with cod liver oil, 
healed 111 six weeks , the ulcei on the fourth 1 lght toe, treated with cod liver 
oil locally, healed m tlnee weeks Cases 22, 23, 24 and 27 either impioved 
somewhat 01 remained unhealed after 22 to 32 Aveeks of tieatment Of the 
21 lesions 111 this gioup tlnee Avere unhealed, nine impioved, one healed com- 
pletely and eight lectured 

Of the 21 patients tieated Avith cod liver oil (Table II), only one (Case 
16) failed to sIioav complete healing This patient had generalized arteno- 
scleiosis, coronai y scleiosis and evidenced mild congestive heart failure Con- 
tinued cod livei oil theiapy m the hospital failed to heal the ulcer Another 
patient (Case 4) did not heal completely aftei 44 Aveeks of cod liver oil 
therapy in the clinic, but healing lesulted m four weeks when bed rest was 
instituted In Case 19 theie Avere simultaneous ulcers on the light and left 
foot, of the same size and type The ulcei on the left foot Avas not treated 
Avith cod liver oil and healed 111 six Aveeks The ulcer on the right foot 
treated Avith cod liver oil healed 111 three weeks This patient was 111 the 
hospital because of a suspected coionary occlusion, and both ulcers were ob- 
seived daily 

The aveiage time in weeks lequned foi complete healing of the ulcers, in 
the 20 cases that healed, Avas 10 1 Aveeks The aveiage duration in weeks of 
these same ulcei s, prior to cod lwei oil therapy and during a period of routine 
foot caie, Avas 24 Aveeks These patients during the entire period of observa- 
tion attended the clinic at least bnveekly and dunng the treatment with cod 
liver oil, Aveekly In four cases the ulcers could 1 eally be classified as chronic, 
having existed for more than 78 weeks 

Before cod liver oil therapy was begun photogiaphs of the feet and the 
ulcei s Avere made of each patient Following the institution of cod liver oil 
folloAv-up photogiaphs were taken at Aveekly and later at biweekly intervals 
As it is obviously impossible to publish all of these photogiaphs, only some of 
the cases are shown (Cases 2, 3, 4, 8, 9, 10 and 12) 

143 



EFFECT OF TOPICAL APPLICATION OT COD LIVER OIL IN ADDITION TO ROUTINE TOOT CARE UPON ULCERS Or EXTREMITIES IN DIABETIC PATIFNTS 

Group II 


HAROLD BRANDALEONE 


Annals of Surgery 
T 11 1 > 10 3 8 
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14 wks after treatment 12/10/36 2I %%Us lfter tre , tment l/aS/37 



Volume 10S 
IS umber 1 


ULCERS OF FEET IN DIABETICS 


Obseivmg these cases as we did at weekly intervals, it was possible to 
note the chaiacter of the healing that occurred This healing resulted from 
a lapid inci ease in epithelial tissue As this took place the tissue developed 
a healthiei appearance and the uneven mai gins smoothed out 

Discussion — The lesults in Gioup I are similar to the lesults obtained in 
a largei gioup tieated with loutme foot care, 1 m which it was shown that the 
incidence of infection of the low er exti emities and the number of cases requir- 
ing hospitalization v r as deci eased 


Casf 3 



Before treatment 10/29/36 



1 


1 \\ ks ifter treatment 
11/12/36 



7 uks after treatment 
12/10/36 



The results in Gioup II suggest that cod liver oil will mciease the rate of 
healing of ulceis in patients with diabetes melhtus What factor m cod liver 
oil is responsible for this lemams open to discussion It may be that the vita- 
min content is the lesponsible agent On the other hand, cod hvei oil con- 
tains some highly unsaturated fatty acids 14 — aiaclndonic, with an iodine num- 
bei of 334, and clupanidomc with an iodine number of 368 Unsaturated fatty 
acids apparently have a stimulating effect on the giowth of hail and may also 
have a stimulating effect on epithelial tissue We are at present studying 
the effect of cod liver oil and certain of the unsaturated fatty acids on the 
healing of wounds in rats rendered chronically vitamin A deficient The 
results of these studies will, we hope, thiow some light on the comparative 
effect of these tw r o agents 
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sg wks after treatment 4/29/37 




Case 9 



Before treatment 1/21/37 


2 wks after treatment 

2/4/37 












HAROLD BRANDALEONE 


Annals of Surceiy 
Jnl> 1038 


It seems reasonable to suggest, as a lesult of these observations, that the 
application of cod livei oil to ulceis occurring m patients with diabetes mel- 
litus will shoiten the healing tune and so deciease the incidence of infection 
of the feet 


SUMMARY 

Eleven diabetic patients with ulceis of the feet tieated with routine care 
were studied for penods of one to 32 weeks In this gioup, tlnee lesions re- 
mained unhealed, nine weie impioved, one healed completely and eight 
learned 

Twenty-one diabetic patients with ulceis of the feet, which had existed 
foi periods varying fiom one to 136 weeks, were tieated by the topical ap- 
plication of cod livei oil in addition to loutine foot care 

All of these patients had been tieated with routine foot caie pnor to cod 
liver oil therapy 

In 20 of these 21 patients complete healing of the ulceis followed the 
local application of cod livei oil The aveiage time requited for healing to 
take place was 10 1 weeks 

The aveiage duiation of these ulceis pnoi to this theiapy was 24 weeks 
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BRIEF COMMUNICATIONS 
AND CASE REPORTS 

ACUTE PERFORATION OF A DUODENAL DIVERTICULUM 

James L Beaver, MD 
Kansas Cm, Kansvs 

FROM THE UM\ EHSITT OF KVNSVS HOSPIT\ES K\\S\S CITT, KANSAS 

Case Report — A white male, age 54, was admitted to the University of Kansas 
Hospitals, service of Dr Thomas G Orr, April 21, 1937, stating that while at work 
22 hours previously he had suffered a sudden severe cramp-like pain in the midabdomen 
just above the umbilicus Soon afterward he became nauseated and vomited bile-stained 
fluid several times He was taken home in an ambulance and hot and cold packs applied 
to the abdomen with no amelioration of symptoms His bowels had not moved during 
the day and several enemata were given with no return of feces or relief of the pain 
About three hours after the onset the low epigastric pain became generalized and re- 
mained so thereafter 

The patient denied having had any similar seizures in the past and, in fact, denied 
ever having had any previous gastro-intestinal symptoms whatever 

Physical Examination revealed a rather poorly nourished middle-aged, white male, 
apparently acutely ill, lying in bed with thighs flexed complaining of severe generalized 
abdominal pain Temperature, ioo° F , pulse, 92, respirations, 22, blood pressure, 130/70 
The head, neck, and thorax were essentially normal The abdomen was slightly dis- 
tended and moved very little with respiration The entire abdominal wall was tense with 
board-like rigidity on the right, more marked in the right lower quadrant, where the 
tenderness was greatest Hemoglobin, 92 per cent, WBC, 10,000, 84 per cent poly- 
morphonuclears The blood chemistry was normal 

The patient presented the picture of a ruptured abdominal viscus An acute appendicitis 
with perforation was considered to be the most probable diagnosis, although perforation 
of a peptic ulcer and diverticulitis of the colon with rupture were considered 

Opciation — Fibrous adhesions were present between the viscera and the anterior 
abdominal wall from the region of the pylorus downward into the pelvis The appendix 
was thickened and bound down by fibrous adhesions, but no evidences of acute infection 
were seen There was free pus in all parts of the peritoneal cavity Purulent exudate 
was most marked about the pylorus The lesser peritoneal cavity was opened and found 
to contain pus and necrotic tissue No gastric or intestinal perforation could be identified 
The findings, however, suggested a perforation into the lesser peritoneal cavity The 
abdomen was closed and drains placed to the lesser peritoneum and right iliac fossa 
Cultures from the peritoneal exudate showed B coli and a small gram-positive Diplococ- 
cus The patient responded poorly to therapy after operation and died April 24, 1937 
Autopsy — Two duodenal diverticula were found, one on each side of the ampulla 
of Vater They were approximately the same size, each measuring about 3 cm in depth 
by 2 cm in maximum diameter The diverticulum behind, and to the right of the am- 
pulla, appeared acutely inflamed and had ruptured at its apex into the retroperitoneal 
tissue behind the head of the pancreas resulting in extensive multiple retroperitoneal 
abscesses The infection involved particularly the tissue along the root of the mesentery 
and about the right kidney and ureter The ampulla itself showed no gross abnormality 


Submitted for publication October 15, 1937 
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The only other finding of significance was an extensive bilateral, confluent broncho- 
pneumonia 

Comment — Spontaneous ltiptiue of a duodena! divet ticulum is apparently 
a tate occturence A seaich thiough the English hteiatuie on duodenal 
diveiticula tevealed a case which was tepoited in 1926 hy Monsanat 1 This 
patient, a white female, age 58, gave a long histoiy of “indigestion ” A pie- 
opeiative diagnosis of acute cholecystitis was made, but at opciation a ruptured 
duodenal clivei ticulum was found, lemoved, and the patient lecoveied 

In 1930, Lucmian 2 also lepoited a case of a duet ticulum of the duodenum 
which had peifoiated into the panel eas The diagnosis was made pieopera- 
tively by loentgenologic examination and was confiimed at operation Re- 
coveiy, following removal, was une\cntful 

Huddy 3 lepoits a case of gangienous divei ticuhtis 111 a wdute female, age 
27, mistaken foi an acutely inflamed appendix lying undei the livei At 
operation a duodenal divei ticulum was found, black and necrotic at the tip 
The divei ticulum was excised and the patient lecovered Theie may have 
been some leakage from the divei ticulum in this case but no acute peiforation 
was found 
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A MODIFICATION OF THE INCISION FOR THORACOPLASTY* 

Howard Lilientiial, M D 
New York, N \ 

The present-day opeiations foi thoiacoplastic compiession of the tubei- 
culous lung dififei matenally from those of Saueibruch, 1 Biauei 2 and others, 3 
beginning about 1908 The fust important modification foi 1 educing the 
gravity of the opeiation was that of Mauiei, 4 who chd not cany lus incision 
lughei than the spine of the scapula and still was able to lesect the fiist 11b 
by upward retraction of the skin and mobilization of the deeper tissues About 
tlnee and one-half yeais ago the wnter 3 published a method in which the 
lowei end of the Mauiei incision was cairied foiwmrd in the seventh mtei- 
space just below the angle of the scapula The upper stage of the thoiaco- 
plasty was then leplaced by the far moie valuable apicolysis Indeed, it has 
been found that the first rib need not be saciificed, 0 piovided full compies- 
sion of the diseased uppei lung has been secured If, then, theie aie no 

* Read before the New York Surgical Society, December 8, 1937 Submitted for 
publication March 5, 1938 
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tubeiculous lesions in the lowei pait of the lung, this apicolytic procedure 
may he all that is necessaiy When, however, there is disease of the lower 
lung and suigical compiession seems advisable, it has been the custom heie- 
tofore to reopen the lower pait of the fiist-stage scar and to continue the 
paravertebial incision downwaid and outwaid (Fig i) 

A gieatly simplified lower-stage opeiation is herewith piesented, which 
proceduie, apparently, causes the least possible trauma 
Since, at the first stage, the seventh 
rib is within easy leach and the inci- 
sion has been carried foiwaid around 
the angle of the scapula, it is unneces- 
sary to leopen this wound By now 
incising down upon the ninth 01 the 
tenth rib, and letractmg the latissimus 
dorsi and the spinal muscles hackwaid 
without tiansveisely dividing them, 
theie will he afforded space enough for 
the completion of the thoi acoplasty 
Through the incision upon the ninth 
rib as much of the hone as is necessary 
may he taken away, just as is usually 
accomplished in the simple opeiation 
foi empyema Then the eighth rib, if 
still present, may he exposed by le- 
tracting upwaid and the tenth by leti acting downwaid If it is desired to 
take the eleventh 11b also, the incision may he made upon the tenth instead of 
the ninth , or still another may he made upon the eleventh 1 lb or in its inter- 
space 

These nb-paiallel incisions with muscle letraction, as here described, aie 
far less ti aumatizmg than those which ci oss the 1 lbs at any angle * They 
can nearly always he accomplished undei local anesthesia The postoperative 
compiession is, of course, managed accoidmg to the pi maples for thoraco- 
plasty 

The well-known rule that two shortei wounds are less shocking and less 
subject to complications than a single long one, holds good m thoracic as well 
as m abdominal 01 othei surgical procedures 
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Fig 1 — A — B and A' — B' Maurer’s in 
cision for upper stage thoracoplasty or for apico 
lysis (slightly modified) C— D Incision for 
lower thoracoplasty E — F Author’s incision 
for lower stage thoracoplasty 
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‘Maurei, A Le Thorucoplastie dans lc tiaitcment de la tubcrculose pulmonaire J de 
Chir , 36, 857, 1930 

r Lihenthal, Howard Pulmonary Tuberculosis, Recent Types of Operation J A M A , 
102, 1197, 1934 

"Lihenthal, Howard Conscivation of the First Rib m Apicolytic Thoracoplasty Jour 
Thor Surg, 6, 414, 1937 

"Alexander, John The Collapse Therapj of Pulmonary Tuberculosis, 473 Charles C 
Thomas, Springfield, 111 

Discussion — D u Otto C Pickiiardi (New Yoik) said that there 
is as yet no standatd incision for thoiacoplasty. in the sense that a McBurney, 
Kammeier, 01 supiapubic incision is standardized, and, therefore, any new 
idea is of cottise welcome T11 geneial, the thoiacic surgeon performing a 
thoiacoplasty makes a long cuived incision somewhcie between the scapula 
and the spinous piocesses from above downwaid, extending it upward for 
the higher libs, and downwaid and fonvatd for the seventh and eighth ribs, 
aiound the lowei tip of the scapula This is usually found 111 the seventh inter- 
costal space The name “pel iscapulai incision” has been suggested foi this 
The musculanty of the patient and the amount and number of ribs to be re- 
sected are, of coutse, a guide to the length of the cut The lughei the ribs 
to be lesected, the moie muscles theie aie which have to be actually cut 
across The lower down the libs aie, the moie vaued and the easier it is to 
remove them The names of Biauei, Fnedrich, Wilms and Saueibiuch are 
attached both to then incision and the tjpe of opeiation Foi the eighth, 
ninth, tenth and eleventh nbs, a hockey-stick type of incision, separate from 
the fiist one and placed moie medially and lowei, is employed Emile Hol- 
man has employed a postenor curved incision added to the lower third of 
the primal y incision It is in the third and fouith stages, and in the eventual 
lemoval of the antenoi poitions of the umesected libs that ingenuity must be 
exeicised m oidci to cause the least possible damage to muscles and neives 


AN EFFICIENT METHOD FOR THE REDUCTION AND 
IMMOBILIZATION OF COLLES’ FRACTURE «■ 

Henry F Graii vm, M D 
Brooklin, N Y 

Tabulation of the examination of 125 claimants, previously involved in 
an accident, whose alleged mjuiy was a fractuie of the wiist, has shown some 
interesting facts which have led to changes 111 0111 tieatment of these frac- 
tures In 102 of these, the examination was made between three and nine 
months aftei the accident Moie than 75 pnvate physicians, whose names 
were recorded, and 27 different hospitals rendered the surgical care, so the 
final results aie representative of those now commonly obtained m New 
York City The results weie good 111 82 cases, or two-tluids of the total 

* Read before the New York Surgical Society, October 27, 1937 Submitted for 
publication September 2S, 1937 
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Twenty-two had fair results and 21 were poor Wrist flexion was impaiied 
20 per cent 01 moie in half of all the cases while extension of the wust was 
noimal in tv o-tlnrds and only a small peicentage of restuction was piesent 
in the remaining third Pionation of the wust was seldom diminished, 
but supination could not be fully obtained in 22 individuals, or neaily one- 



Fig 1 — Illustrates the method of reduction 
Tig 2 — Shows the hand being held in position while the plaster hardens 


fifth of the total Fmgei flexion was similaily impaiied m one-fifth of the 
cases Definite defoimity, due to anterior displacement of the head of the 
ulna, was present m 30, and slight deformity in seven others, 01 nearly one- 
third of the total Radial shortening and deviation were found definitely m 
27 and slightly in six otheis, or one-quaiter of the total Failuie of a few 
claimants to prove these fiactures in couit will meiely mciease the percentage 
of unsatisfactoiy lesults for the seveie mjuiies need no confiimatoiy evidence 
To obtain a good lesult 111 a Colles’ fractuie, the fiist essential is accuiate 
restoiation of the displaced bone to its noimal position This is usually at- 
tempted by manipulation with the fingei s and hands, but is not always success- 
ful, foi, at times, gieatei foice is necessaiy 
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Tig 3 — Shows oiercorrcction, the lower fragment of the radius being displaced anteriorly 




Fig 4 Shows wrist flexion, finger flexion and ulnar deviation 
_ with rotation of the hand 

1 IG 5 Shows wrist flexion and pull on the radius with the fore 
arm in supination 
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During the past year we have been using the method shown in Figure i, 
which substitutes the push and pull of the stiong muscles of the shoulder 
girdle foi the weaker ones of the forearm and hand of the operator This 
gives better control of the fiagments and more perfect and easy reduction 
of the fiactuie Under anesthesia, with the patient in the dorsal position 
and the mjuied uppei extremity lying upon a table at a right-angle to the 
body, the surgeon, who is standing in the angle between the body and the 
arm, pUces the foieaim in complete supination and rests the base of his 
palm against the lowei end of the upper fragment of the broken radius 
With his othei hand, he then grasps the hand of the patient, flexes the wrist 
half way and forcibly pulls the lowei end of the broken radius dowmvard 
and fonvard as he pushes the uppei end backward (Fig i) A distinct 
ciepitation is usually felt long before the full foice available has been used 
This indicates a reduction of the doi sally displaced fiagment to its proper 
position If too much stiength is used in this method, an overcorrection or 
anterior displacement m3y be produced (Fig 3) This must be carefully 
avoided 

After proper alignment has been secured, antenor and posterior plaster 
splints, nanov'er than the wn 1st, hut thick enough to be strong, are placed 
in position and the uppei ends held by a few turns of a gauze bandage With 
the foreaim still in complete supination and the wrist 111 about two-thirds of 
normal flexion, the bandage is continued downward over the wrist and hand 
almost to the base of the heads of the metacarpal bones, where the splints 
should end Then, while the plaster is still soft, with the wrist thus flexed 
and held m supination, the hand is pulled away from the radius towaid the 
ulna, making traction on the radius to maintain its full length as much as 
possible The hand is also lotated so as to thiow the head of the ulna back- 
ward During these manipulations, the other hand of the operator has held 
the upper poition of the splints firmly back against the table upon which 
the extremity rests (Fig 2) This position is held until the plaster hardens 
(Figs 4 and 5) To recapitulate Complete supination, wrist flexion, hand 
in ulnar deviation and rotated with the thumb tow r ard the ulna anteriorly 

The fingeis and thumb should be flexed and extended fiom the first day 
throughout convalescence The disadvantages of immobilization of the wrist 
m a flexed position aie w^ell known but can easily be prevented by proper 
care After one week, the splints should be removed at frequent intervals, 
the wrist should be firmly grasped by a hand encircling the site of fracture and 
flexion and extension of the wwist gently performed by the surgeon 111 ever 
increasing range as a longer time elapses The patient should frequently 
place the forearm in the supine position on a taUe even while the splints are 
in place and the sling should be discarded as soon as possible In a limited 
number of cases, w^e have found this an easy method to reduce Colles’ 
fractures and a means of pi eventing some of the disability and deformity 
that have followed them in the past Nothing can take the place of adequate 
peisonal attention by the surgeon, and later physical therapy 
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The histones of the patients examined show that many of them were 
kept in splints 01 in a plastei encasement foi a pei lod of six weeks or more 
with no attempt at legulai massage 01 motion Undoubtedly, some of the 
disability and de'ay in lecoveiy weie due to these factors 

An extensive seaich of the litei ature has failed to find a description of 
a similai method for the i eduction of Codes’ fiactuie Buxton 1 says, “Supina- 
tion is the position of choice in immobilization of fiactuies of both bones, 
because it is the optimum position foi the lecovery of function, as the most 
impoitant aim movements are fiom supination to pionation, and after fixa- 
tion, the lattei movement is moie easily lecovered than supination ” 

SUM MARY 

(1) Examination of 125 individuals at vaiying inteivals after an alleged 
fractuie of the wnst showed impaiiment of wrist flexion and supination and 
defoinnty due to antenoi displacement of the head of the ulna and shortening 
of the ladius in a consideiable peicentage of the cases 

(2) A method pieviously undesci ibecl, we believe, is pioposed for the 
reduction of Colies’ fiacture 

(3) A method of immobilization, designed to minimize the disabilities and 
defoinuties mentioned above, is descubed 

(4) The impoitance of piopei caie dining the penod of immobiliza- 
tion is emphasized 
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The Editorial Board of the Annals of Surgery has asked me to piepaie 
a pi ehminary report of the sudden death of Dr Allen B Kanavel on May 27, 
1938, as a result of an automobile accident near his home 111 Pasadena, Cah- 
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Allen B Kanavel, M D 
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forma Doctor Kanavel was a graduate of Northwestern University Medical 
School in 1S96 and seived an interneship m Cook County Hospital He then 
became a membei of the surgical faculty of his Alma Mater and advanced 
gradually to the position of head of the suigical depaitment in which capacity 
he served for nine years His success both in the science and the art of sur- 
geiy was outstanding, and Ins conti lbutions, especially to the surgery of the 
hand, gave him an international 1 eputation He was a member of the staffs of 
Wesley Memorial and Passavant Hospitals and served from its beginning first 
as associate editor and then as editor of Surgeiy, Gynecology and Obstetrics 
As one of the oigamzeis of the American College of Surgeons, he had an 
active part in its direction, serving on the Boaicl of Regents for many years and 
as piesident in 1931 to 1932 He was elected a membei of the American 
Suigical Association in 1913 In recent }cns he had resided most of the time 
in Pasadena 

Dallas B Piilmister 
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THE USE OF HEPARIN IN THROMBOSIS* 

Gordon D W Murray, M D , and Charles H Best, M D 

Toronto, Can 

The discovery of heparin in Howell’s laboratory, in 1916, and his 
demonstration that it was a natural anticoagulant of blood, raised hopes that 
it might also be a preventive of thrombosis Unfortunately the early experi- 
ments on animals and the clinical use of the drug as a preventive of clotting in 
blood transfusions were discouraging, owing to the toxic symptoms produced 
In 1929, however, one of us (C H B ) initiated research on the purification 
of heparin, m the Connaught Laboratories, and Charles and Scott 1 succeeded ' 
in preparing it in the form of a crystalline, barium salt, which was 100 times 
more potent than the original crude material and completely free of toxic 
pioperties This success revived our interest m the possible clinical value 
of the drug and encouraged us to study, both upon animals and patients, its 
influence on those pathologic conditions which are based upon thrombosis 
That heparin has a profound influence in preventing thrombosis has been 
amply demonstrated by a long series of experiments upon animals, begun m 
the Department of Surgery, in 1932, and reported elsewhere, 2 m which it 
was shown that the thrombosis, which normally results from mechanical (Fig 
1) and chemical injuries to veins, could be prevented in a high percentage 
of cases by its intravenous administration This suggested that, if it could 
be given safely to patients, it might be used as a prophylactic in those con- 
ditions which lead to postoperative pulmonary embolism, and as an adjuvant 
in those operations upon blood vessels in which the outcome has been so 
doubtful, because of the tendency of thrombosis to occur at the site of the 
operation 

Experimental Investigation — The early experiments on toxicity were done 
on dogs, using heparin of a potency of 15 units per mg In these animals, 
when the clotting time had been prolonged to half an hour, muscular weak- 
ness and vomiting developed, and when larger doses were given the animals 
died of profuse intestinal hemorrhage The postmortem examinations dis- 
closed multiple hemorrhages in all the organs and beneath all serous surfaces 
These results led to the effoits to purify heparin and ultimately to the prep- 
aration of an extract with a potency of 250 units per mg This preparation 
produced no toxic effects on animals even when the clotting time was pro- 
longed to four hours This encouraged further experimental study 

Aitenal Anastomosis — While great improvement has been made m the 
results of operations on the blood vessels by the development of special tech- 
nic, there still remains a high percentage of cases in which operations on 
arteries and veins fail because of thrombosis at the line of suture In the 

* Read before the American Surgical Association, at Atlantic City, N J , May 3, 
1938 Submitted for publication June 20, 1938 
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hope that hepann might impiove the lesults, a senes of experiments was 
peifoimed in which the axillaiy, femoial and caiotid artenes in dogs were 
sectioned and then sutuied with fine silk In 50 such expei imeiits, in which 
legional heparinization was used, the arteries remained patent m 40, or 80 
per cent, wheieas, when no hepann was used, only 18, 01 35 per cent, re- 

r ir 1 Fig 2 


1 



Tig 1 — IllustntinK method of inserting tlic suture before 
crushing the \tiu 

Tig 2 — Anastomosis of irters rccosertd one sear liter 

mained patent It was shown in these expenments that, if the lumen could 
be kept patent foi 72 hours, the sutuie lines ueie healed and there was 
no longei a tendency to thrombosis 01 clotting at this site (Fig 2) Speci- 
mens lecoveied a yeai aftenvaid showed only a slight scar 



Tig 3 — Region'll heparinization (A) Showing needle in lumen of 
aiteiy (B) Proximal to suture line 


Venous Giajts — In an earlier lepoit the different methods of administer- 
ing heparin were described, and suffice it to say here that the term “regional 
heparinization has been coined to descnbe the injection of sufficient hepann 
into an artery proximal to a suture line (Fig 3) to affect the clotting time 
locally 111 that vessel and in the blood returning from that extremity, but not 
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to change the clotting time of the whole blood stream "Geneial hepariniza- 
tion,” on the other hand, is a term employed to denote that the clotting 
time of the blood in all parts of the body has been mci eased, and this has 
been effected by a continuous intiavenous injection 
To study the effect of regional hepai- 
mization, segments of carotid arteiy 
vaiying fiom one to thiee and one-half 
inches in length were excised, and a 
similar length of external jugulai vein, 
removed fiom the same animal, was 
anastomosed at both ends to take the 
place of the segment of artery lemoved 
The veins stood the pressure satisfac- 
torily and, with legional heparinization, 
the lumen was kept patent in 70 per 
cent of 25 such cases (Figs 4, 5, and 6) 

Further research is 111 piogiess on this 
subject which will be detailed in a sub- 
sequent communication Fig 4— Venous grafts (i) Recovered 

_ 48 hours after grafting (2) Recovered eight 

renphetal Embolism Our expeil- hours after grafting (3) Recovered eight 

days after grafting 

ence with embolectomy b is now suffi- 
ciently great to show that while this operation is useful in tiamed hands in 
early cases, it is of no value wheie the embolus has been lodged foi more 

Fig 5 





Tig 6 

Fig 5 — Suture line and graft patent three weeks later 
Fig 6 — Showing change in nail of \ein graft after six 
months 

than 12 to 15 hours In these, the damage to the intima is such that aftei 
the removal of the embolus a thiombus quickly occludes the aiteiy again 
and so spoils the opeiation To study this, a senes of experiments was pei- 
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formed on dogs in which the femoral and carotid arteries weie opened by 
lmeai incisions and plugs of stenhzed foieign body and blood clot placed at 
bifui cations The incisions in the vessels weie closed and the plug left in 

situ for from 24 to 72 horns The lumina of the vessels were than cleared 
thiough an incision at anothei spot In nine controls treated in this way, 
all the vessels rapidly became occluded again by a thrombus In eight others, 
after similai tieatment and with either legional or geneial heparinization, 
thrombosis did not occur and the vessels all remained patent (Fig /A) 
Splenectomy — To investigate the effect of heparin 111 the portal circula- 
tion, in a control group of eight dogs, the spleen was removed and the splenic 
vein injuied by crushing it over a linen suture lying in its lumen Ten days 
later the veins were lemoved and m all the controls these were occluded 
I11 eight othei animals, a similar operation was carried out, with similar 



A B 

Fig 7 — (A) Shows irterj three months ifter embolectom} Suture lines healed (B) 

Shows lumen of splenic \cin clear 

injury to the vein, and general heparinization was continued for 72 hours 
Seven days following this, the veins were removed and in all the lumen was 
patent (Fig /B) While there was satisfactory evidence that heparin would 
prevent thrombosis in the peripheral circulation, it was not known what 
effect it would have in the portal cnculation This would appear to be 
evidence that this substance will prevent thrombosis in the portal system 
Ti ansplantation of Oi gans — Without veiy great care in technic, Carrells 
transplantation of 01 gans has been carried out and the cnculation has been 
restored and maintained successfully for many months with the aid of heparin 
Using our technic, control cases failed when heparin was not used 

Achmmsti ation of Hepaun to Human Beings — With the knowledge that 
heparin was nontoxic and would prevent thrombosis and clotting in blood 
vessels in animals, it was decided to carry the experiment further and try 
it on clinical cases in the wards of the hospital 

Published reports 2 describe the first efforts at giving heparin to patients m 
the Toionto General Hospital and contain descriptions of methods of g iv " 
mg it and the effects obtained by the different methods 

To determine if hepaun was toxic, it was administered intravenously to 
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several patients but it was disappointing to find that about half of them 
showed toxic effects in the form of headache, nausea, vomiting, faintness, 
pallor, chills, rapid pulse and a fairly marked fall m blood pressure Its fur- 
ther use had to be abandoned, therefore, until a still purer preparation could 
be pioduced This was finally accomplished by Charles and Scott 1 when the 
crystalline banum salt was isolated, and since then no toxic effects on pa- 
tients have been obseived As a result of its intiavenous administration, the 
blood clotting time can be maintained for as long as 40 days at a level three 
or foui times the normal, and it is possible to administer it to the average 
patient on the wards without the anxiety that formerly attended its use 
Before it could be considered safe to use heparin m the wards, one had 
to be assured that its administration would not have a cumulative effect, and 
to have some idea of how long a time would elapse after stopping the in- 
jection before the clotting time would return to normal It was important 
to know this as there was always the possibility of a hemorrhage occurring 
dui mg the administration of the drug This matter was studied m both 
animals and patients, and it has been shown that when the administration of 
the diug is stopped it lapidly disappears from the blood In patients whose 
clotting time has been raised to 20, minutes, the effect has completely dis- 
appeaied 111 an hour and even when the clotting time was raised to an hour 
and a half there was a return to normal in an hour and 20 minutes This 
knowledge was comfoiting in one patient, who had been heparinized for 
foui weeks because of phlebitis and who developed symptoms of reactivation 
of an old duodenal ulcer and a hemorrhage With the discontinuance of the 
heparin the bleeding ceased and patient recovered 

Negative Phase — Neither in the experimental animals nor in human be- 
ings, when the effect of heparin has worn off, has there been any demonstrable 
change in the blood The clotting time does not become shorter than the 
normal time, the sedimentation rate, van den Bergh reaction, prothrombin 
index, platelet and red and white blood counts do not change In none of 
the cases that have received heparin clinically, has there been any evidence 
of late or residual effects such as recurrent thrombosis or embolism after 
the clotting time returned to normal 

Aiteiial Anastomosis and Venous Grafts — Thus far, we have not had 
an opportunity to employ this operative procedure m the hospital but hope 
to try it when a suitable patient appears Not infrequently, surgeons are 
confronted with a situation where a tumor involves an important artery, and 
m which the arteiy must be ligated off to allow removal of the tumor The 
choice lies between leaving at least part of the tumor or tying the vessel, and 
m certain instances, as in the case of the internal carotid, this is accompanied 
by veiy grave risks It is proposed under such conditions to remove a seg- 
ment of the aitery, to leconstruct it with a venous or arterial graft, and 
then to hepannize the patient It is hoped also in aneurysms, arteriovenous 
fistulae, and piobably m some other diseases of arteries that, after resecting 
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the affected aiea, the mam ti units can be 1 econstuicted and the circulation 
restored 

Peuphoal Embolism — Oui clinical experience with hepann in this dis- 
ease has not been great, as the number of cases admitted to the suigical waids 
is small, but in the few we have had, the icsults have been unpiessive In 
none has amputation been necessaiy and in seveial the penpheial pulse 


Tig S Tig 9 



Fig 8 — Aorta iliac and femoral \essels patent, suture line at arrow healed 
Tig 9 — Emboli removed 


beyond the occlusion returned and p eisisted Such obseivations, however, 
are not conclusive, as it is always possible that the lecoveiy occurred through 
the development of the collateial circulation Howevei, in one very unfavor- 
able case, a subsequent autopsy enabled us to examine the arteries and to 
see that a complete lestoiation of the circulation had taken place This was 
a patient who was operated upon 25 hours after the first appeal ance of symp- 
toms for embolism involving both common iliac and femoial artenes The 
emboli were removed but they did not slip out as easily as in earliei cases 
because of some stickiness of the intima Before the arterial clamps were re- 
moved from the artenes these were filled with a heparin solution When the 
clamps were removed, the circulation returned quickly to both feet From 
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then on, the patient’s blood clotting time was kept above 20 minutes foi two 
weeks, and then the heparin was discontinued The cuculation remained 
nonnal and there were no ill effects apart from a moderate sized hematoma 
111 the abdominal incision, which caused no special trouble However, in 
the left foot, even though the palpable pulsations 111 the antenor and postenor 
tibial artenes remained nonnal, there was some residual anesthesia and loss 
of motion These weie neatly complete at first but showed daily improve- 
ment, so that at the end of the second week the foot was well on the way 
to lecoveiy This was mtei estmg, because of the fact that the cuculation 
was lestoied and maintained 111 a leg and foot that had been cut off from 
nounshment foi a sufficient length of time to cause some of the tissues to 



Fig 10 — Photomiciogiaph of the sutuie line in Fig ii — Photomicrograph showing the intima 
wall of iliac vessel (X25) headed, no thrombosis (X100) 


be senously damaged On the fifteenth day postopei ative, the patient 
died of othei lesions The aorta, iliac and femoral arteries were recovered 
(Figs 8 and 9) The vessels were all peifectly clear, with not the slightest 
sign of thiombosis 01 blood clot, either on the areas from which the emboli 
weie removed or at the incisions The latter were healed so perfectly that 
they could not be found on the mtunal surface, except after a veiy careful 
seaich (Figs 10 and 11) 

In four othei cases of embolism, embolectomy was earned out success- 
fully, and by employing hepaim the vessels lemamed clear, and palpable pul- 
sations m the peripheial aitenes were restoied and maintained 

This is a field where, from expenmental evidence as well as from the le- 
sults m a few clinical cases, it would appeal piobable that heparm can be 
of gieat assistance Also, it might be woith while giving hepann in cases 
of embolism which aie seen too late to have the embolus lemoved, in the 
hope that heparin will pi event extension of the thrombus and clot, and m 
this way assist the other measures used m lestormg collateial circulation 
Splenectomy — Based on the expenmental evidence, five patients in the 
1 01 onto Geneial Hospital have been treated with hepann following splenec- 
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tomy Thiee weie in cases of familial jaundice, which made uneventful re- 
covenes aftei opeiation, and are well now, moie than one year later In 
the othei two, the spleen was removed to facilitate the operation of complete 
gastiectomy One case is alive and well, the othei died of general peritonitis 
At autopsy, the systemic and poital vessels weie examined and the patholo- 
gist leported no geneiahzed thrombosis and fewei and less extensive thrombi 
than aie usual m the stumps of the splenic and othei vessels that have been 
ligated in the operative field While these cases had no complications from 
thiombosis, it will be necessaiy to observe the effect of heparin on many 
moie befoie conclusions can be diawn 

Postopci atmc Pulmonaiy Embolism — To date, 335 patients at the Toronto 
General Hospital have been given heparin Except in the first nine cases, 
the 500 unit pei mg preparation has been employed, and with this there 
have been no toxic effects observed The injection was given in each case 
in a supeificial vein tlnough an oidinary steel needle which stayed at the 
same spot in the same vein foi penods varying fiom three to eight days 
without tin ombophlebitis developing in a single vein There has been no 
evidence of phlebitis or thiombosis with embolism developing during, or fol- 
lowing, the adnunisti ation of hepaiin in any of these cases 

I11 this group, theie w r eie 315 cases which received heparin postoperatively 
These operations included all those peifoimed m general and orthopedic 
surgery While the incidence of pulmonaiy embolism is about one in 400 
operations, yet, when minoi procedures such as transfusion, excisions of cysts 
and lipomata, etc , aie eliminated, and some special groups of moie major 
opeiations aie considered, the figuics are quite different For example, m 
the Toronto General Hospital, 22 pei cent of all opeiations of partial and 
complete gastrectomy died of pulmonary embolism, of lesection of colon, 
3 per cent, of abdominoperineal resection of lectum, 6 per cent, of fiactured 
neck of femui , 4 3 per cent , and of pi ostatectomy, 7 5 pei cent, died of pul- 
monary embolism 

The group of 315 postopeiative cases receiving heparin includes many of 
these types of operation and in none has theie been evidence of pulmonary 
embolism or thi ombophlebitis 

Pulmonaiy Embolism — Seven cases of pulmonaiy embolism with infarcts 
varying m number fiom one to six in each case, arising from thrombophlebitis 
of the legs, were treated with heparin All the cases showed rapid clinical 
improvement within 24 hours and had less pain in the legs and chest Al- 
though seveial of the cases had recurring embolisms of serious pioportions 
eveiy few days, before the mtiavenous injection of heparin was started, no 
further embolisms, with one possible but not proven exception, occurred after 
the treatment was started 

While the group of cases is too small to diaw conclusions from, still it 
offers some hope that this method of treatment may be useful in such cases 

Phlebitis — Twenty-eight cases of spontaneous thrombophlebitis, including 
several cases of phlebitis migrans, have been tieated with heparin There 
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has been no evidence of embolism in any of these and the clinical signs and 
symptoms, pam, swelling, tenderness and fever, appeared to show more 
rapid improvement than in a control group 

The Time Hepanm Is Staited m Postopei ative Cases — From the experi- 
mental 2 and clinical expenence, it has been pi oven, fairly conclusively, that 
heparin will not dissolve a blood clot or a thrombus, either m vivo or in vitro 
From this evidence, it may be assumed that if the bleeding has been stopped 
at the time of operation, heparin will not start a hemorrhage To obtain 
hemostasis, as m all good surgical technic, all the larger and medium sized 
vessels should be tied off, or sealed with a cautery, and the small vessels 
will look after themselves and will not be the source of a hematoma It is pos- 
sible, however, that vessels which do not bleed when the patient is m shock 
may bleed with a rising blood pressuie If such a vessel is bleeding, heparin 
will certainly allow it to bleed moie than it would do otherwise 

For these reasons heparin is not administered for from four to 24 hours 
following opeiations, to allow the normal processes which control bleeding 
to operate If there is any doubt about oozing or bleeding, the patient is 
not given heparin 

Hematoma Following Adimmtfi ation oj Hepaun — With the above men- 
tioned precautions, only foui cases developed hematomata postoperatively, 
while under the influence of heparin The hemorrhage stopped when heparin 
was discontinued and all the patients recovered 

Method of Admimsti ation — As there are no toxic effects, the patients 
m the wards have received general heparinization The ordinal y intravenous 
dnp is used, and to the salt solution sufficient heparin is added to increase 
the clotting time of the patient to about 15 minutes Usually, heparin is 
added m the pioportion of 10 units of heparin to 1 cc of saline, in the aver- 
age patient this should run at about 25 to 30 drops per minute The rate, 
however, is adjusted, according to the effect on the clotting time, and this 
is estimated eveiy few hours until the coriect rate of injection can be deter- 
mined Further details on this aspect of the subject have appeared m a 
lecent publication 3 

The Time Hepaun Is Discontinued — The time thrombosis begins follow- 
ing operations is purely a matter of conjecture at present, but if stasis, changes 
in the composition of the blood and eddying play a pait, the patient under 
anesthesia, with a lowered blood pressure, 111 shock, and 111 cramped positions 
on the opeiating table or m bed, is under ideal conditions for the initiation 
of the process The methods of combating these conditions, as described by 
many writeis, do a great deal 111 decreasing the incidence of embolism, and 
it is hoped that the lemainmg difficulties may be overcome by the use of 
hepai in 

The injection is discontinued when the patient has regained normal ac- 
tivity, 1 e , when the factors thought to contribute to the pi oduction of throm- 
bosis have ceased to act This time has been reached when shock has passed 
and the blood piessuie and circulation are normal, the incision has healed 
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and is not painful, so that deep lespnalions are possible, the patient feels 
well and eneigetic and moves about actively in bed and can do exercises, 
distention is gone, the appetite has ictuined and the gaslro-mtestinal and 
uiinaiy functions have returned to nonnal, the chest is cleai and the tem- 
peiatuie and pulse ate normal 

Selection of Cases — It is hoped that the method of investigation, used by 
Bancioft and his cowoikeis,' will help in selecting those cases which aie most 
likely to develop tlnombosis It is hoped that m these cases heparin, in ap- 
piopnate amounts, may pi event the foimation of a thiombus and thereby 
pi event embolism Before staiting tieatment, the blood clotting time, pro- 
thiombm index, platelet count, bleeding time and the other oidinaiy blood 
analyses must be ascei tamed 

Complications Resulting fiom Owing Hcpaiin — As theie are no toxic 
effects, and hemorihage need not occm if the piopci piecautions are taken, 
hepann may be given, m appiopnatc amounts, in any postoperative case If, 
however, theie is active hemoiihage, hepann should not be given 

Indications foi the U re of He pm m — ( i ) Postoperative Cases — A patient, 
in whom active tlnombosis is detected cithei following an opeiation, or dur- 
ing an illness, 01 who has had a pulmonaiy embolism, is piobably in giave 
dangei, and, in the light of our present knowledge, would piobably benefit 
from the adnunistiation of hepann Until the methods of detecting those 
cases likely to develop tlnombosis aie peifected, the gioup of postopei ative 
cases likely to develop this complication should be ti eated As this investiga- 
tion is still m the expenmental stage, further indications and limitations may 
be discoveied 

(2) Phlebitis, Embolism, Opel ations on Blood I'csieh — While oui clin- 
ical expenences with the use of hepann aie limited in these types of cases, 
the expenmental evidence, especially in operations upon blood vessels, gives 
very stiong suppoit in favoi of its value In sutunng of vessels, repair of 
aneurysms and artenovenous fistulae, hepann may be of great assistance in 
obtaining good results 

(3) Blood Tiaiisjusion — In blood tiansfusion, heparin can be employed 
quite satisfactory instead of citiate To pi event coagulation, the donoi 
may be heparinized, as Hedemus" has shown, or hepann may be added to 
the blood as it is lemoved fiom the donoi It is useful also in removing 
blood foi the ordinal y laboratory tests where citiate 01 oxalate is commonly 
used 

(4) Coionaiy Tin ombosis and Cei ebi ovasculai TI11 ombosts — Other pos- 
sible fields m which hepann might be useful, but which have not been explored, 
are coronary thrombosis and cerebi ovasculai tlnombosis While the adminis- 
tration of hepann could not lemove the thrombus aheady present, it might 
prevent extension of the process Extension, 111 both diseases, may be mani- 
fested m some cases by recurient attacks or extension of the lesion within 
a few hours or days It might have a useful role, also, in lateral and cavern- 
ous sinus thrombosis and in progressive tlnombosis on heart valves 
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CONCLUSIONS 

(1) Heparin in its purified form is nontoxic, both experimentally and in 
human beings 

(2) In lesions where mti avascular clotting is a pioblem, hepann may be 
useful 

(3) Expei imentally, liepann will prevent thiombosis in blood vessels, 
clinical results thus far obtained do not contradict this conclusion 

(4) As all this work is m the experimental stage, final conclusions can- 
not as yet be drawn 

We wish to take this opportunity to acknowledge the assistance of Mr L B Jaques, 
Dr T S Perrett, Dr R Wilkinson and Dr R McKenzie The financial assistance 
of the Banting Research Foundation in making grants at various times to the assistants 
is also gratefully acknowledged The heparin used in the earlier stages of this work 
was supplied without charge by the Connaught Laboiatories 
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Discussion — Dr Frederic W Bancroft (New York, N Y) I am im- 
pressed with the maivelous woik that has been done by Doctor Gallie and his 
gioup m the use of hepann as an anticoagulant Theie is no doubt that anti- 
coagulants are an adjuvant 111 the treatment of thiombosis and embolism 
In discussing thrombosis and embolism, the physical factors of trauma, 
venous stasis, dehydiation and infection enter into every case, and the blood 
clotting factors of the individual are a secondaiy cause Theiefoie, one must 
focus one’s attention upon pi eventing the physical factois Nevertheless, it 
is obvious that some patients are moie susceptible to thrombosis and em- 
bolism than are otheis, and it is this type of case that we must guaid against 
Doctoi Homans has veiy truly said that the pievention of thiombosis and 
embolism is gunning for the hundiedth case The cuticism has been bi ought 
against Doctor Stanley-Bi own’s and my pievious reports of our piophylactic 
theiapy foi thrombosis and embolism, that we had not given analyses of the 
types of cases that we have tieated that might be susceptible to embolism, 
so I should like to just bnefly leview i,646 consecutive cases which we had 
studied by means of the plasma clotting index and the fibunogen test which 
we presented to this Society a )eai ago, and which we have treated by the 
piophylactic legimen we descnbed We have included in this list the types 
pf cases we felt -weie susceptible to thrombosis and embolism As you have 
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seen by the figures piesented by Doctor Gallie’s group, these varied from 2 
to 6 per cent in the Toionto Hospital series, befoie they had started the 
use of heparin 

In the analysis of our cases, about 14 pet cent showed high blood dotting 
indices, and all of the accidents lepoited weie 111 this group It so happens, 
however, that the foui deaths fiom embolism weie cases m which we had 
had the blood clotting factois but had not put on prophylactic tieatment In 
the senes that we had placed on prophylactic treatment, no accident occurred 
This may sound stiange, but wheie one has continued the study of cases for 
a number of years, eveiy now and then the analysis of the blood clotting 
factors will be ovei looked in the stud}'' of a patient and, therefore, if he has 
a high clotting index, piophylactic theiapy may not be instituted In one 
of oui cases, for instance, of phlebitis, the patient was a young woman, age 
21, who had had an appendicectomy and freeing of adhesions about the 
ascending colon It was noted on hei fifth postopeiative day that her clotting 
factors were high, and this t\as again noted on the ninth day, but she seemed 
to be doing so well that she was not given sodium thiosulphate 01 placed on 
a diet On the eleventh postopeiative day she developed phlebitis 111 her 
left femoral vein 

The following tables I believe are self-explanatoiy 

PERCENTAGE OP THROMBI AND EMBOLI ACCORDING TO DISEASES! 

Tested Cases* 

Fifth Avenue Hospital Scries 




No of 


Per- 

Per- 

Diseases 


Cases 

Phlebitis 

centage 

Emboli centage 

Appendices 


398 

1 Phlebitis 

0 2 

1 Embolus, nonfatal ) Q ^ 






1 Embolus, fatal / 

Hermae 


199 

x Phlebitis 

0 5 

1 Embolus, fatal 0 5 

Gallbladders 


142 

1 Phlebitis 

0 7 

1 Coronary throm- \ 






bosis, fatal / ‘ 

Hysterectomies for fibroids 

121 

r Phlebitis 

0 8 

0 

Stomach resections for ul- 





cer or Ca 


43 

1 Phlebitis 

2 0 

0 

Adhesions 


25 

1 Phlebitis 

4 0 

0 

Permeal plastics 


87 

r Phlebitis 

1 0 

0 

Salpingectomy, oophorec- 





tomy 


no 

0 


0 

D & C, for bleeding 


102 

0 


0 

Thyroids 


37 

0 


0 

Breast lesions 


29 

0 


0 

Urologic 


86 

0 


0 

Gastrectomy for Ca of 





esophagus 


15 

0 


0 

Hemorrhoids 


40 

0 


0 

Fistulae 


20 

0 


0 

Colon and rectum, 

resec- 





tions 


29 

0 


0 

Infections 


63 

0 


0 

Miscellaneous 






Fractures 






Varicose veins 

i 





Tumors 

1 

100 

0 


0 


Tuberculosis 
Pelvic peritonitis 
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Presbyterian Hospital Series 

920 cases tested 

12 per cent showed high indices 

Only 46 per cent of these received prophylactic treatment 

No accidents in treated group 

Nine accidents in untreated group 

Two of these unrecognized as only fibrinogen was high 

Control service had 12 accidents 


New York Hospital Series 

575 cases tested 

13 psr cent showed high indices 
Only 49 per cent of high were treated 

Treated group One treated case had a nonfatal pulmonary infarction on the fourteenth day 
Untreated group One fatal embolism One nonfatal embolism 
Control service Two emboli 

f All accidents occurred in the high index group but had not received prophylactic 
treatment 

* 12 to 14 per cent of tested cases showed high indices 

The summary of the above 1,646 cases shows that there were three fatal 
accidents from embolism and one nonfatal, or approximately 02 per cent 
Theie were six cases of phlebitis, or approximately 04 per cent The tabula- 
tion of the results at the New Yoik Hospital and at the Cornell Clinic shows 
the results of their treatment, but which we have not analyzed fully, as yet, 
as to the series of cases 

Our prophylactic regimen on a patient showing high clotting factors is to 
give mtiavenously for several days 10 cc of a 10 per cent solution of sodium 
thiosulphate, to increase fluids by mouth, and to restrict the fats and carbo- 
hydrates in the diet 

O11 analyzing the results of the work of Doctors Murray and Best with 
heparin, and ouis with sodium thiosulphate, I feel that we are not as far 
apart as one might believe It is very possible that sodium thiosulphate has 
a definite effect in helping the liver liberate heparin, as we know that sul- 
phui compounds can do this We have of course no proof of this theory 

Diet, we feel, is very definitely a factor A high protein, high fat diet 
does increase the percentage of people who are subject to embolus, and a 
diet low m proteins and fats will dimmish the clotting factors, as we have 
been able to show in both dogs and humans 

Finally, m summauzmg the advantages of Doctor Murray’s and Doctor 
Best’s treatment, they have been able to perform arterial suture and em- 
bolectomy by employing a method that will open up an entirely new field 
in surgery, and the future will show what a great advance this is They 
have also been able to show very much better results than we have in the 
treatment of thrombosis and embolism after the initiation of the disease 
We have been able to aboit cases of early phlebitis, but we have had very 
few good results after it has existed for over 48 hours Doctor Murray has 
shown us where they have had cures of phlebitis after it has persisted for a 
considerable period of tune 

The disadvantage, it seems to me, of their procedure is that heparin has 
a very shoit duration of action, and, therefore, a continuous intravenous 
administration has to be kept up fiom 72 to 120 hours At present, the 
average expense pei patient amounts to about $80, which does not entirely 
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include the discomfort to the patient and the inci eased nursing cost m giving 
a continuous intravenous adnnnistiation ovei this long period 

Duiing the penod since 1928 that we have been studying thiombosis and 
embolism, we have made blood deteiminations on over 8,000 cases and are 
convinced that oui tests are, 111 geneial, an accuiate analysis of the clotting 
tendencies of an individual We have had only one case of multiple em- 
bolism, which was opeiatecl upon in anothei hospital, and which had low 
clotting factois With this exception all of the accidents we have examined 
aie 111 the high blood clotting gioup It is true that 12 per cent of post- 
opeiative cases show high clotting factors and that only about 1 per cent 
of the 12 pei cent demonstiate an accident Nevei theless, a large percentage 
of these cases run a lnghei elevation of tcmpei atui e than is normal and may 
be potential thiombosis or embolism cases 

We believe, theiefore, that an analysis of the clotting factors gives us the 
group in which accidents aie apt to occm and that at the piesent time it is 
much cheaper to tieat these cases pi oph) lactically by sochum thiosulphate 
than it is with hepaiin 

We believe that aftei thiombosis 01 embolism has occurred, the employ- 
ment of hepaiin is far supenoi to sodium thiosulphate 

It is intei estmg to note that a numbei of medical gioups have been 
treating coronaiy thiombosis by sodium thiosulphate and that the physicians 
who have been cairying out this proccduie feel that then cases have done 
much better than they did by otliei methods of treatment It is too early to 
place any definite reliance on this piocedme The cases of coionary throm- 
bosis that we have studied have all had high clotting factors 

Dr Howard Lilientiial (New Yoik, NY) The only leason that I 
am discussing this papei is that I asked Doctoi Gallie if I might do so Had 
I known just what the papei was going to be, I never would have been so 
forward I was interested, not so much in heparin, as in the general object 
which was attained by this gioup This is a tiemendous advance Synthetic 
heparm will be the next step in pi ogress 

I am paiticulaily intei ested in this question fiom the standpoint of therapy 
by means of leeches and then hnudin, which accomplishes the same result 1 
lemember when leeches weie used foi bloodletting from inflamed regions, to 
gieat advantage But I think the ticatment would have done more good, if, 
after the leech had filled himself full of blood and dropped off, the leech-bite 
had not been permitted to bleed but had been stopped so as to leave the 
hirudine in the patient In all probability the good that the leeches did was 
to get rid of a certain amount of the local thiombosis which occurred in the 
infected tissue 

The French have been using leeches foi a long time In the memoirs 0 
the French Academy of Medicine, foi March, 1923, there are papers which 
are of mteiest It has been suggested that theie was danger of producing 
embolism fiom thrombophlebitic veins by using leeches I do not believe 
that this is likely to happen 

I have used leeches foi a long time, and I have obtained absolutely amaz- 
ing results I had two cases of saphenous phlebitis, first one side and then 
the other, following prostatectomy, the thiombophlebitis extending into the 
femoral vein The patient, years ago, had had the same type of infection 
and had been 111 bed foi neaily six months This time, he was out of bed 
three days after I had treated him by means of leeches Then, about ten days 
later, the same condition appealed in the other leg, and leeches were again 
employed with the same result The man has remained well for the past 
eight months 
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A fnend of mine, a doctoi m New Yoik, had thrombophlebitis recently 
m the left leg I suggested leeches and his doctor said, “Oh, that Avon’t do 
any good,” and he advised contmifing only bed lest I met the doctor at a 
medical meeting only three or foui days ago, looking perfectly well, and I 
said, “Too bad you didn’t use leeches ” “Oh,” he said, “I did use leeches 
and I was out of bed and well m tno weeks” If he had used hepann, he 
piobably would hate recoveied just as quickly and, of course, heparin has 
the advantage ovei huudine m that it has now been made available, wheieas, 
hirudme still has not been supplied commercially 

Dr Arthui Master, not long ago, read a paper on coronary thiombosis 
m which he showed that this disease is very common — more so than most 
suigeons are apt to believe — after operations of any kind I believe that 
here heparin would be valuable This was hinted at m today’s communica- 
tion, and I think the tieatment ought to be used as a routine 

Theie is only one other point that I want to make I was talking with 
Dr Carl Roller, the discoverer of the anesthetic value of cocaine, and I men- 
tioned this action of leeches, not at the time knowing about heparin “Oh,” 
he said, “that’s fine, I’m going to use it m the next case of central letmal 
embolism that I get ” I believe that if it is used immediately, it may save 
the sight of the eye 

Of course, heparin is not yet generally obtainable, but it soon will be 
In the meantime, I certainly would lecommend, m any case of angina where 
the disease is supposed to be due to thrombosis, that leeches should be ap- 
plied You can use as many as ten or 15 They do not need to be put on 
near the heart 

Dr Mont R Reid (Cincinnati, Ohio) I rise only to confirm the great 
value 111 the use of heparin in experimental work and also to answer the 
question I know must have occurred to Doctors Gallie and Murray as to 
how one could keep our experimental arteriovenous fistulae open and make 
any woithwhile studies 

The obseivations we made upon fistulae between the aoita and vena cava 
would have been absolutely impossible without the use of hepann As it was, 
we could prevent any clotting at all in that type of fistulae for four or five 
houis, or longer, if we had wanted to continue the experiments 
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A STUDY OF EXPERIMENTAL AND CLINICAL SHOCK WITH 
SPECIAL REFERENCE TO ITS TREATMENT BY THE IN- 
TRAVENOUS INJECTION OF PRESERVED PLASMA 

Earle B Maiioney, M D 
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Cincinn ATI, Ohio 

mOM TJIL DMAHTMINT OF SUItGEin OI Till COIL! 01 OI MHHCINI 01 TUI 
UM\ ritSITi OI CINCINNATI AND Till CINCINNATI OFN I It AT IIOSI ITAL CINCINNATI OHIO 

The teim tiaumatic shock is oidinanly used to indicate the state of cir- 
culatoiy collapse which follows mjuiy, and is chaiactenzed by an actual 
deciease in the cu culating blood volume 1 2 The mechanism of this reduction 
in blood volume is not entnely undei stood but is, foi the most part, the re- 
sult of obvious and concealed bleeding at the site of injury plus an excessive 
loss of blood plasma in the tiaumatized tissue rm h Thus tiaumatic shock dif- 
feis from the shock due to acute hemonhage wheie the fluid loss is mainly 
whole blood, and fiom that associated with bums oi intestinal manipulation 
where it is essentially blood plasma depletion The tieatment of these three 
types is based on the restoiation of the depleted blood volume, but the prob- 
lem presented by a patient who has had an acute hemoirhage is vastly dif- 
feient from one with extensive contused wounds or following seveie burns 
One leason foi this diffeience is found in the excessive loss of plasma which 
traumatic shock and that due to bums have in common 

Following an acute hemoirhage, the blood volume is diminished by an 
actual loss of whole blood and the patient will show the typical signs of cir- 
culatoiy collapse If the bleeding is conti oiled befoie the amount of blood 
loss is too gieat, the body will tend to build up the depleted volume by draw- 
ing fluid from the tissue spaces into the cu dilation This process tends to 
increase the blood volume and with the mtiavenous injection of saline, the 
volume can be lestoied to within noimal limits If the same picture of col- 
lapse results seveial houis following a contused wound, the pioblem becomes 
more complicated Theie is the same reduction of the blood volume, but 
there has also been a gi eater loss of plasma than of the cellular elements 
from the blood stream 51 b This loss of plasma is thought to be due to an 
increase m the peimeabihty of the small penpheial vessels The addition 
of saline in this instance will dilute the lemaimng protein and thus lowei 
its osmotic pressuie This reduction of the osomotic piessure will result 
in further fluid loss fiom the blood stieam and consequently the saline 
is of only temporary value The tieatment of this condition demands the 
addition of piotem to increase the colloid osmotic piessure of the blood 

The transfusion of whole blood has been found to be the most satisfac- 
tory method of restonng the plasma piotems, the blood volume and m the 
Submitted for publication July n, 193S 
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case of hemorrhage, the depleted cells However, there are two tangible dis- 
advantages m the use of whole blood This first is its availability Donors 
may not be readily available when necessary for emergency use and the 
preparations for transfusion aie, at best, time consuming These difficulties 
have been partially oveicome by the use of blood banks and donor bureaus 
Howevei, whole blood can be preseived for only a limited time and the 
dangeis of transfusion leactions from pieseived blood which has hemolyzed 
are always present The second disadvantage is best exemplified in shock due 
to bums when theie is excessive loss of plasma and concentration of the 
blood In this case, the addition of whole blood adds to the alieady in- 
creased viscosity by increasing the volume of led cells 

The use of blood plasma would overcome these disadvantages m cei- 
tam cases A method of preserving plasma for extended periods of time 
has been described by Flosdoi f and Mudd 4 Their method depends on the 
rapid dehydiation of the serum oi plasma in the frozen state under a high 
vaccum In this manner, the material can be dried and preserved, and when 
rediluted, retains its original biologic and chemical charactei istics This pro- 
cedure would make possible the presentation of laige amounts of plasma 
for use m the emergency treatment of shock Theoretically, it is of most 
value in those types not associated with gross hemorrhage, but its efficacy 
can only be determined by expenmental and clinical use 

The importance of the loss of plasma m expenmental shock has been 
demonstrated by Blalock 7 He has shown that dogs do not tolerate the 
loss of plasma as well as the loss of proportionate amounts of whole blood, 
and that with hemorihage into tissues following trauma, there is a con- 
tinued loss of plasma after the acute bleeding subsides There is also expen- 
mental evidence supporting the use of plasma m the treatment of shock 
Mann 8 and Harkins 9 have shown that the intravenous use of serum and 
plasma is an efficient method of treating experimental shock in which hemor- 
ihage is not a major factor The injection of plasma m treating the shock 
due to burns restores the protein which has been lost and does not m- 
ciease the viscosity of the blood Colloidal solutions of gelatin and gum 
acacia have been used as substitutes for plasma to increase the colloid osmotic 
pressure of the blood 8 Gum acacia has been used most frequently, and 
Erlanger and Gasser 10,1 ' b have demonstrated its value in expenmental shock 
The clinical use of acacia has been attended by some untoward reactions , 11 
but it is probably the most satisfactory substitute for whole blood or plasma 
In oi dei to determine the advisability of using dried plasma in the treat- 
ment of shock, two factois must be investigated First, does the lyophile 
piocess change the charactei istics of the plasma? Bond and Wright 12 have 
demonstrated that it is not changed and have also shown that the preserved 
plasma is of value in treating expenmental hemorrhage Second, m what 
types of shock will the plasma be most efficient? During the past year the 
following expei iments have been devised m our laboiatory to test its effec- 
tiveness in experimental shock with and without hemorrhage, and to corn- 
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pare the clued plasma with the othei commonly used intravenous fluids The 
fiist method was to cool the pentoneal surface of dogs In this mannei 
the typical syndiome of shock can be lepioduced without any significant 
hemoiihage The second method was ti aumatization of an extremity similar 
to that used by many investigatois 1 4 - 30 The shock pioduced by this method 
is associated with consideiable hemoiihage into the extremities The changes 
in the plasma pioteins and the blood volume were consideied of prime lm- 
poitance in evaluating the type of shock pioduced 

A large amount of expenmenlal woik has been done in an effort to 
deteimine the physiologic mechanism involved in the blood volume reduction 
of shock A few of the outstanding contributions will be reviewed but no 
attempt made to summaiize the entue hteiature on the subject The theoiy 
of tiaumatic toxemia was expounded by Cannon in his monogiaph entitled 
Tiaumatic Shock 1 This, m brief, is that a histamine-like toxin is elabo- 
lated fiom tiaumatized tissue which pioduces dilatation and an increase in 
the peimeabihty of capillaiy walls This permits tiansudation of plasma 
from the blood slieam with the lesulting diminution in the total blood 
volume Cannon pioduced shock by liaumatizing the extremities of animals, 
but was unable to account for the deciease in total blood volume by the 
local loss of fluid at the site of injury His theoiy nas the accepted con- 
cept of shock until Blalock' 1 and Phemistei 1 * were able to account for the 
deciease in blood volume by local fluid losses in traumatized extremities 
They lecognized that the exti avasated fluid extended along fascial planes 
into the giom and reti opei itoneal tissues In then expenments, they weighed 
the entne lowei quaiteis of the animals and could thus account fot the en- 
tile fluid loss on the traumatized side They weie unable to demonstiate a 
cnculating toxic agent in the blood stieam following tiauma, so could not 
suppoit Cannon’s theoiy 

The iole of the sympathetic neivous system in shock is impoitant In 
1917, Guthne 14 had noted that section of the neives to the leg of a normal 
animal produced an mciease in the blood flow fiom the extienuty of 22 pel 
cent, in a shocked animal, an mciease of 76 pei cent Erlanger and Gas- 
ser ioe a noted marked vasoconstnction lesulting fiom intestinal manipulation 
They also pioduced shock in dogs by iej?eated injections of adrenalin Rap- 
poit 15 has also found hypei activity of achenal function in experimental shock 
Fieeman 10 17 has demonstrated that prolonged ovei activity of the sympathetic 
neivous system can, in itself, produce a diminution in the blood volume Re- 
cent woik by O’Shaugnessy and Slome 18 tends to indict a combination of 
these last two factois as the undei lying jinnciple of tiaumatic shock They 
suggest that the diminution in blood volume is due to an additive effect of 
local fluid loss plus sympathetic ovei activity The latter factoi is pictured 
by Hauison 19 as an intense geneialized aiteriolai spasm and anoxemia, 
which result 111 damage to the capillaiy walls causing an mciease in their 
peimeabihty and loss of plasma from the circulatory bed 

Many investigators have shown that the plasma pioteins become con- 
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centrated as the state of shock progresses, but little attention has been given 
to the albumin and globulin fi actions of the plasma Eilangei and Gasser 100 
have produced shock by manipulating the intestines and found that fluid 
was lost through the seious sui faces This fluid had the same albumin 
globulin latio as the blood plasma The fluid lost in the vesicles of bums 
coriesponds m protein content to the plasma, but the ratio of its fractions 
has not, to oui knowledge, been investigated In the type of shock pioduced 
by peritoneal cooling theie is a characteristic alteiation of the albumin glob- 
ulin latio, which adds fuither proof that at least a part of the depleted 
blood volume is due to an increased permeability of the capillanes 

Methods — The geneial plan of the animal experiments was to study the 
shock produced in dogs and to deteimme the theiapeutic effect of saline, 
gum acacia, whole blood and dissolved piocessed plasma when admuusteied 
inti avenously The solutions were injected after the blood pressure had 
been maintained at a level of 70 Mm of meicuiy for one hour The volume 
of fluid injected in each expel iment coriesponded to 10 to 15 per cent of 
the noimal blood volume The acacia was prepaied 111 a 15 per cent solu- 
tion and the preseived plasma was dissolved to its original volume 111 saline 
just pnor to the injection The blood pressure and the geneial condition 
of the dogs were the criteria used in evaluating the lesponse of each dog 
to the tieatment In the clinical study preserved plasma is substituted foi 
whole blood 111 transfusing patients exhibiting definite signs of shock, le- 
sultmg from tiauma or fiom burns The amount of plasma injected is 
equal to the piotein content of a 500 cc tiansfusion and is dissolved in 
saline to its original volume In both animal and clinical use the plasma 
is obtained fiom citrated blood by centi legalization 

The piocessed plasma was piepared by the lyophile method of Flosdoif 
and Mudd, 4 which depends on the rapid dehydiation of the frozen plasma 
111 a high vacuum The appaiatus was constructed in oui laboratory accord- 
ing to the plan outlined by them but was modified 111 minor details to meet 
oui lequirements (Fig 1) The plasma was piocessed and pieserved in 
one liter pyrex flasks which have a sufficient inside surface area to safely 
dry 300 cc 111 each container The vacuum was maintained in the bottles 
after the process was completed by compiession of the rubber tubing with 
a beveled brass ring (Fig 2) The freezing pans were so constiucted that 
the vacuum could be developed while the containers were still in the freezing 
mixture This was found to be of definite advantage when processing laige 
volumes because it prevented thawing before the opeiatmg equilibrium of 
temperature and evapoiation had been established The human plasma for 
clinical use was piepaied under sterile precautions and passed through a 
Berkefeld filtei immediately befoie processing 

Two methods of producing experimental shock weie used (1) Cooling 
the peritoneal surfaces, and (2) trauma to an extremity Healthy dogs were 
used 111 all expenments In the first method the abdominal cavity w as ex- 
posed undei aseptic piecautions and the pentoneal surfaces cooled by placing 
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cold saline packs between the folds of the mesentery These were replaced 
as they became wanned and the pioccdure continued for one to one and 
one-half liouis, depending on the sue of the dog The abdomen was then 
closed At 15 minute intei vals, blood prcssuie leadings were taken by di- 
rect needle punctuie of a femoial aiteiy The second method of inducing 
shock was tiaumatization of a postenor extremity as desctibed by Blalock 5 



Fig 1 — The modified “Lyoplule” apparatus for preserving blood plasma (A) Co 
denser (B) Insulated container for dry ice (C) Vacuum gauge CD) Three way mat 
fold (E) Rubber pressure tubing (F) Pyrex containers (G) Freezing pans CW; 
Vacuum pump 

In these experiments, continuous blood pressure leadings weie taken by 
means of a mercury manometer attached to a cannula in the caiotid artery 
The dogs were anesthetized by the intravenous administration of nembutal 
( 032 Gm per Kg body weight) , which gives satisfactory anesthesia for 
three to five horns No untowaid reactions to this anesthetic were noted 
m these experiments The pulse, blood pressure and lespirations remained 
well within normal limits when no shocking procedure was carried out 
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Blood samples were removed from a femoial or jugular vein using 
extreme care to avoid venastasis, and the blood was collected into 12 cc 
graduated centnfuge tubes containing 2 cc of 1 6 per cent sodium oxalate 
solution The blood was centrifuged at 3,000 r p m for 35 minutes, and the 
hematocrits read directly, deducting o 5 cc for the volume of white cells 
The plasma volume was determined by the brilliant vital red dye method of 
Hooper, Belt, Smith and Whipple 20 The total protein was determined 
by the macrokjeldahl method as described by Peters and Van Slyke, 21 using 
1 cc aliquots and collecting the ammonia m saturated boric acid solution 
The albumin was piecipitated by the method of Campbell and Hanna, 22 using 
21 pei cent sodium sulphite solution at 100m temperature and the nitrogen 
determined by the macrokjeldahl proceduie All samples were checked in 
duplicate and lepeated if the enor was gi eater than one part 111 60 The 
total circulating protein, albumin and globulin figures aie the product of 
their respective concentrations and the total plasma volume The cncula- 
tion time was determined by the NaCn method of Robb and Weiss 2S 



Fig 2 — The pyrex bottle containing preserved plasma and sealed with the beveled brass 
ring (A) Preserved plasma (B) Compressed brass ring 

The above blood studies were done routinely on the dogs for several 
successive days prior to the experiments to establish the aveiage normal 
values of each dog The blood values 111 shock were determined after the 
blood piessure had been at a level of 70 Mm of mercury for at least one- 
half houi It was considered advisable to determine the theiapeutic re- 
sponse to the solutions at a level of shock which did not preclude suivival 
of the animal In this way, the effect of administration of each solution 
could be tested on the same dog, whose conti ol response was known, and 
a better comparison of the theiapeutic action was possible At a blood 
pressuie level of 70 Mm of meicuiy, the process is usually reversible in 
shock pioduced by peritoneal cooling, but is nreveisible 111 that produced 
by tiauma to an extiemity, and such animals usually die For this reason 
the blood piessuie was maintained at 70 Mm of mercury for one hour 
before injecting the solutions The degree of shock was finally determined 
by blood volume studies as well as by the level of the blood piessure This 
combination affoids the most leliable criterion of the depth of shock 
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OBSERVATIONS 

Shock Produced by Peritoneal Cooling — The 1 espouse of the clogs 
to cooling the peiitoneum was cjuite constant, and with a little expenence, 
the degiee of shock pioduced could be conti oiled by varying the duration 
and intensity of the cooling The pulse piessme declined (Fig 3) and the 
pulse late inci eased shoitly aftei the cooling was begun, but the blood 
piessuie did not decline foi one-half houi The abdomen was closed at 
the end of one to one and one-half houis, and with no fuither interference, 
the blood piessuie continued to fall This decline continued for three to 
four houis, when the lowest point was usually leached, and the pressure 
then lemamed quite constant at a level of 60 to 70 Mm of meicury foi 
eight to ten hours At this level of blood pressuie the pulse was rapid, 
thready and 11 tegular, the pulse piessuie was greatly 1 educed, and the periph- 
eral veins collapsed The circulation time was 20 seconds compared with 
the aveiage noimal of ten seconds The extienuties were cool, the rectal 
tempeiatuie w r as tw r o degiees to tlnee degrees below' noimal and the mucous 



Tig 3 — Dog No 676 Pulse pressure m shock 
Before triunn Hilf hour offer triuma 

B P norm'll B P still normal 

Pulse pressure i z Mm Hg Pulse pressure 4 Mm Hg 

membranes veiy pale If the dogs suivived they leacted veiy slowdy fiom 
the anesthesia and the blood pressure gi actually letuined to noimal within 
the next 24 houis During this penod, the animal w r as apathetic, semi- 
comatose and frequently nauseated The noimal state of animals was not 
legamed for seveial days Howevei, aftei this penod, no deletei 1011s effects 
of the shocking pioceduie weie evident 

The gross changes in the appearance of the peiitoneal surface w^eie quite 
constant The veins of the mesenteiy were at fiist model ately engorged, 
and with the development of deep shock, became reduced m calibei Small 
peteclnae developed in the mesenteiy but did not appeal to constitute a sig- 
nificant amount of blood loss The small bow'el was veiy contracted and 
penstalsis was quite active The spleen did not slow any gioss change At 
autopsy, the lungs weie not edematous and no edema was noted in the ex- 
tienuties Theie w r as no free blood noted in the intestinal lumen, the mu- 
cosa w'as only modei ately congested, and there was no excess peiitoneal 
fluid 

The lesults of the blood studies on six dogs aie lecoided in Table I 
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SHOCK PRODUCED BY PERITONEAL COOLING 

A Comparison of the Normal Blood Values with the Values in Shock for a Series of Six Dogs 

Blood Volume Blood Protein Concentration Total Total Total Red 

- — - — Circulating Circulating Circulating Cell 

Total Plasma Total Albumin Globulin Protein Albumin Globulin Hematocrit 
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These dogs weie subjected to the shocking piocedure a total of 42 times, 
and the lesults 111 each dog weie compaiable There was a uniform de- 
crease in the blood and plasma volumes in all of the experiments The 
total blood volume was deci eased appi oximately 25 pei cent below the normal 
volume, but theie was a gieatei loss of plasma than of red cells and the 
hematocrit was inci eased The amount of plasma lost was equal to 15 per 
cent, and the red cells 10 pci cent of the noimal blood volume The con- 
centiation of the cn dilating plasma protein was uniformly increased and 
the change in the albumin-globulin 1 elation was veiy definite In every 
instance the concenti ation of the globulin in shock was increased in a greater 
proportion than the concenti ation of the albumin The reason for this be- 
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Graph i — A comparison of the blood pressure response without treatment and with the 
injection of siline md gum icncn (15 per cent solution) 

comes evident when the total amounts of albumin and globulin, which con- 
stitute the total protein, aie calculated separately Although theie was an 
increased concentration of piotem, the total circulating amount was markedly 
reduced as a result of the deci eased plasma volume The albumin con 
stituted the major poition of this total piotem loss while the total cir- 
culating globulin was only slightly' - affected In fact the loss of albumin 
averaged more than five times the loss of globulin This accounts for the 
increased concentration of the globulin 

The solutions used m treating this type of shock were saline, gum acacia, 
whole blood and pieseived plasma Each of these solutions was tested on 
each of the dogs listed m Table I, and in most instances, check experiments 
weie performed on each dog (42 experiments) The blood piessure re- 
sponses of dogs No 676 and No 672 aie recorded for each therapeutic 
agent as they are typical of the results obtained with this series of dogs 
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Saline and Acacia — The response to saline and to gum acacia is shown 
by Graph I The rise in blood pressure was temporal y with both solutions 
and the ultimate couise of the shocked animal w'as not influenced by the 
injections Theie was no impiovement m the pulse late and no lasting 
evidence of cnculatoiy stabilization Acacia had a slightly more beneficial 
effect than saline because the dogs reacted from the anesthesia soonei and 
theie w^as an eailiei use in the lectal temperatuie All the dogs ultimately 
survived but showed anoiexia and apathy for seveial days Graph II in- 
dicates that lepeated injections of acacia did not alter the ultimate couise 
of this type of shock 

Whole Blood — (Giaphs III and IV) The blood piessure lesponse to 
the injection of whole blood w r as more lasting than with either saline or 



Graph 2 — The blood pressure response to repeated injections of acacia 


acacia In all the expenments except one, there was a gradual leturn of 
the blood piessuie to normal and the animals soon regained consciousness 
The pulse became legular, the penpheral veins filled with blood and all the 
signs of shock subsided Only dog No 676 showed a tempoiary response 
to whole blood, but the blood volume determination m this dog indicated 
that the degiee of shock was moie profound than m the other expenments, 
1 c , a 3'5 pei cent decrease of the blood volume 

Picscivcd Plasma — (Giaphs III and IV) The ultimate result of in- 
jecting dissolved, piocessed plasma w f as the same as with the injection of 
whole blood, but the elevation 111 blood piessure w r as more prompt and 
the impiovement m the general condition of the dog w f as more striking 
The blood piessure leturned to noimal within one-half hour after the in- 
jection of the plasma and lemained stabilized The dogs legained conscious- 
ness, the body tempeiature leturned to normal and the mucous membranes 
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regained then normal coloi within one hour The only exception to this 
was in an expenmenl on clog No 6/6 In this case the blood pressure was 
falling 1 apidly and the degi ee of shock was vei y profound, as indicated by 



SHOOK PRODUCEO BY PERITONEAL COOLING 



Graph 4 — A comparison of the blood pressure response v ithout treatment and ith the 
injection of whole blood and presera ed plasma 


the extremely low blood volume The blood piessure response m this expen 
ment was not as piompt but the animal suivived The effects of lepeate 
injections of saline and of processed plasma following the saline aie con 
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trasted in Graph V The processed plasma caused a rapid return to normal, 
whereas a second injection of saline had only a temporary effect on the 
blood piessuie Theie was no evidence noted of any untoward reaction to 
the piocessed plasma and all of the animals received repeated injections 



Table III 


BLOOD VOLUME IN TRAUMATIC SHOCK 


The Decrease in Blood Volume Which Occurs Prior to the 
Decrease in Blood Pressure 


Blood Volume 
cc 

Normal 1890 

One hour following trauma, blood 
pressure still normal 1400 


Plasma Volume 
cc 

765 

555 


Trauma to an Extremity — (Table II, Giaph VI ) The type of shock 
pioduced by this method differed m seveial respects from that produced by 
cooling the peritoneal cavity The piopoition of red cells and plasma lost 
fiom the cii dilation was about equal, which indicated that trauma to an 
extremity was moie neaily compaiable to the effects of hemoirhage The 
plasma piotems and hematocrit weie not concentiated The total cn culatmg 
albumin and globulin weie deci eased in amounts equal to their normal pio- 
poition m the cn culatmg plasma This observation is in striking contrast 
to that m shock resulting fiom cooling the peritoneum where the protein 
loss was pi epondei antly albumin The blood pressure lesponse to the in- 
jection of piocessed plasma was only temporal}' In one experiment the 
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dog survived, but with all others the blood piessure increased temporarily 
and then steadily declined until exitus occuned 

In both types of expel imental shock the blood volume began to decline 
before theie was any change in the aitenal blood pressure (Table III) 
The animals showed all the signs of impending shock, such as the m- 
ci eased pulse late and deci eased pulse pressure, but the blood pressure 
was still noimal Howevei, when the blood piessuie did begin to de- 
crease, theie was a steady decline until the animal was in profound shock 
Cluneal Obseivahon y — The dissolved, piocessed plasma has been utilized 
in ti eating patients who weie in piofound shock resulting from burns and 



GRArn 6 — The blood pressure response to the injection o£ preserved plasma 

from tiauma The number of cases aie thus far limited, but the results 
have been decidedly encouraging, especially with bums The clinical study 
will be the subject of a future publication 

Discussion — The evidence indicates that whole blood and plasma are 
superior to either saline or acacia in ti eating expei imental shock and this is 
m accord with the obseivations of othei authois In shock pioduced b) 
cooling the pentoneum, blood plasma is moie efficient than whole blood in 
restoring the normal circulatoiy conditions The only obvious explanation 
for this greater efficiency lies m the excessive loss of plasma in this type 
of shock The plasma injections lestoie the piotein which has been lost 
from the blood stieam m a leachly available form Theoretically the in 
jection of albumin alone would be of gi eater value, but this is at present 
impossible 

The type of shock encountered in patients cannot be completely re- 
produced m experimental animals, and it is hazardous to draw clinical 
impressions from experimental evidence Howevei, there aie certain types 
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of clinical shock which seem quite similar to the shock produced m dogs by 
cooling the peritoneum The shock produced as a result of extensive burns 
is due Iaigely to plasma loss into the burned areas and plasma injections 
should be most efficacious in this condition Also the shock pioduced m 
operations in the pentoneal cavity, wheie theie has been very little blood 
loss, is probably comparable to this condition There is frequently profound 
shock associated with gun-shot wounds of the abdomen m which theie has 
been intestinal perforation but very minor hemorihage These last two con- 
ditions will probably be favoiably effected by the injection of plasma 

One of the greatest advantages of the preseived plasma is its immedi- 
ate availability for emergency use The effect of plasma on shock lesultmg 
from trauma and hemoirhage is transitory, but m spite of this it may well 
have a definite place in the treatment of these conditions If the plasma can 
be used to maintain the blood pressuie until the whole blood is available, it 
will be of unquestionable value The use of saline m piofound shock is gen- 
eially consideied dangerous as it may tend to wash protein out of the 
blood stiearn into the tissue spaces The use of plasma will prevent this 
dangei 

The mechanism undei lying the 1 eduction of the blood volume lesultmg 
fiom cooling the pentoneum, invites speculation and the excessive loss of 
albumin from the blood offers a plausible explanation The albumin molecule 
is smallei than the globulin and the average amount of albumin lost is five 
times greater than that of globulin The greater pioportionate loss of the 
smaller molecules indicates that there is an mci eased peimeabihty of the 
capillanes This is probably a local piocess confined to the peritoneal cavity 
where the capillaries are not accustomed to gross changes in temperature 
The effect of the exposure to cold is to damage the capillaiy walls and thus 
increase then peimeabihty This process is not compaiable to that in shock 
resulting from trauma to an extremity, because in this type the albumin and 
globulin aie lost in the same pioportion as their concentration in the blood 

The latent period between the beginning decline in the blood volume and 
the fall m artenal pressure wail ants emphasis The blood pressuie will 
be maintained by vasoconsti iction even aftei a considerable fall in blood 
volume, but will fall rapidly when the vasomotor system is no longer able 
to compensate foi the depleted volume This explains the pictuie of the 
patient who is still in apparently good condition several hours following m- 
juiy but lapidly develops circulatory collapse The eaily decline in pulse 
piessure should be stressed clinically in recognizing impending shock 

We do not feel justified in drawing any conclusions fiom our limited 
clinical experience However, the pieseived plasma has been used with ap- 
paiently satisfactoiy results in shock lesultmg fiom bums and from trauma 
Its ultimate value can be determined only by extensive clinical application 
The hemagglutinins aie preserved m the processed pioduct and, at present, 
it is consideied advisable to use only compatible types The dissolved plasma 
should ahvays be ci oss-matched with the lecipient’s cells, preferably b} 
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the Coca compatibility test foi dnect matching 21 We have not seen any 
untoward reactions to the injection of the dissolved, piocessed plasma 

CONCLUSIONS 

(1) Experimental shock was pioduced by' cooling the pentoneal cauty 
of dogs In this type of shock theie is an excessive loss of plasma protein 
from the cu culatmg blood, and albumin constitutes the major poition of this 
loss 

(2) Preset ved plasma was compaied with whole blood, saline and acacia 
in the treatment of this type of shock The plasma was found to be the most 
efficient theiapeutic agent in residing the normal blood piessuie 

(3) Plasma was more efficient m treating experimental shock associated 
with excessive plasma loss than in treating that due to liauma to an extremity 

(4) Limited clinical experience indicates that the use of pieserved plasma 
will be of value m the emeigency tieatment of shock 
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THE OPERATIVE TREATMENT OF COMMUNICATING 

HYDROCEPHALUS 


Walter E Dandy, M D 

Baltimore, Md 

There can, I think, no longei be any doubt concerning the underlying 
causes of hydrocephalus, nor can there be any instances where the cause of 
the hydrocephalus cannot be unequivocally' demonstrated The underlying 
lesions vary greatly in character, but with those rare exceptions where fluid 
is overpioduced, all cause the same effect namely', an obsti notion to some 
pait of the system through which the cerebi ospinal fluid circulates The 
obstruction prevents the fluid from reaching that part of the system where 
most of the absoiption occurs namely', the subarachnoid spaces over both 
ceiebral hemispheies Fundamentally', hydrocephalus is not at all different 
from hy'di o-ui etei and hydroneplnosis, or from the effect upon the biliary 
tracts of stones and other obstructions, which, too, may be quite variable 
m character , but the effects of the obstiuctions are the same 

In hydi ocephalus, as in other conditions, the obstructions occur m many 
different locations When the obstruction closes all or part of the cisternae 
at the base of the brain, the hydrocephalus is known as communicating because 
the ventricles communicate freely' with the spinal canal When the obstruc- 
tion closes any part or all of the ventricular system the type of hydro- 
cephalus is called noncommunicating because the ventricular system, or the 
affected part, does not communicate with the spinal canal The differentiation 
between these two major ty'pes of hydrocephalus is all important from the 
standpoint of surgical theiapy' because two fundamentally' different anatomic 
set-ups exist When the ventricles do not communicate with the spinal canal 
(and the obstruction is in the ventriculai system), it may be assumed that 
the cisternae are open and that it is only necessary' to sidetrack the fluid 
which may then enter the cisternae and thence be passed along to the sub- 
arachnoid space for absorption (This presumption is by no means always 
correct, for not mfiequently' more than one congenital obstruction exists) 
But when the cistci nae ai e blocked thei e is no way by which fluid can be 
made to enter the subaiachnoid spaces to be absorbed There are indeed 
many instances of communicating hydrocephalus in which the crucial part of 
the cisternae — the cisternae mterpeduncularis and chiasmatis from which all 
the subarachnoid spaces ladiate — aie bey'ond the obstruction, but whether, 
since they have never contained fluid, they are still potentially' patent and 
could receive fluid from an opening in the flooi of the third ventricle is diffi- 
cult to determine At any rate there is no safe way of separating this gioup 
from those in which the entire length of the cisternae or at least the important 
antenor half (the cisternae mterpeduncularis and chiasmatis) is included 


Submitted for publication March 7, 1938 
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This being true, for the present, at least, all cases of communicating hydro- 
cephalus are considered alike The cure of this type of hydrocephalus can- 
not (except perhaps in some of the isolated exceptions noted above) be 
accomplished by sidetracking the fluid to any location where gi eat absorption 
can occur This being tiue, the only hope must be m reducing the amount 
of cei ebrospmal fluid that is formed 

Twenty years ago the writer 1 proposed a procedure by which the large 
glomus of the choroid plexus was removed from both lateral ventricles It 
was hoped that the absorption of fluid that occurs m the spinal and ceiebellar 
subarachnoid spaces might take care of the fluid that foimed from the re- 
maining choroid plexuses I have had several undoubted cures resulting from 
this procedure It has been my impression that the cuies have been pnnci- 
pally, though not entirely, in the older infants, wheie the size of the head 
was somewhat fixed and the hydrocephalus was, therefore, piogressmg at a 
slowei pace That the rate of growth of the head in hydrocephalics is very 
variable is well known It has also been my impression that those with the 
larger choroid plexuses and those with more histologic evidence of obliteia- 
tions of the vessels in the choroid plexus did better following the removal of 
the plexuses It has also seemed that theie is a relationship between the 
histologic degeneiative changes m the choroid plexus — which are often pro- 
found — and the rate at which the hydiocephalus grows In effect, the lattei 
changes are the equivalent of partial removal of the plexus 

The puipose of this communication is to show the effect of fuither 
opei alive lemoval of the choioid plexus from the brain when removal of the 
glomus from both sides has been found to be inadequate Since the brain 
is so rapidly destroyed by advancing hydrocephalus, it is impoitant that 
delay be avoided when further surgical efforts aie to be instituted One 
cannot, theiefoie, wait very long to deteimme that the earlier operation has 
been inadequate In this connection it should be emphasized that unless hydi o- 
cephalics are brought very early foi tieatment, attempted cures are not worth 
while There is no point in curing or attempting to cuie a baby that is cer- 
tainly going to be subnoimal mentally For the lapidly growing hydio- 
cephahcs, three months is the outside limit for suigical intervention, for those 
that are glowing less lapidly, the limit may vaiy fiom six months to a year, 
all depending, of course, on the actual size and rapidity of the growth of the 
head But the earlier the tieatment the bettei the lesults, both in terms of 
life and of subsequent mentality 

The suigical piocedures that aie herewith suggested, and which were 
earned out with apparent success m one patient, aie (i) The cauterization 
with 01 without lemoval of the choroid plexus lying in the posterior cranial 
fossa namely, that in the fourth ventiicle and along both floccuh (Fig i 
[B and b]) , and, (2) cautenzation of the plexus in the bodies of both lateral 
ventricles (Fig 1 [C, c and c']) These procedures are in addition to the 
routine removal of the glomus and the plexus in the descending horn of both 
lateial \entncles 
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CASE REPORTS 

Case i — P G, female, age one year, was admitted to the Johns Hophms Hospital 
April 8, 1936, with the history that four dajs before birth the mother had been operated 
upon for appendicitis Mother and baby remained m the hospital for nearh three months 
At the age of five or six weeks the head was definitely o\ersize and had since con- 
tinued to grow, though the rate of growth has not been even At times it would appear 
to grow' very rapidly and "again the increase w'ould be much less At the age of three 
months she could hold up the head and even despite its great enlargement she w T as able 
to sit up The head w r as fairly symmetrically enlarged and measured 54 cm in cir- 
cumference The anterior fontanelle was very large, measuring 9x8 cm The posterior 
fontanelle w'as closed The veins of the scalp stood out prominentl} The baby weighed 
9,700 Gm 



Tic 2 — Case 1 Patient one and one half 
jears following removal of both glomi, the plexus 
from t lie posterior cranial fossa and, finall}, from 
the bodies of both lateral ventricles 

The phenolsulphonephthalein test showed free communication between the spinal canal, 
into which the dye w r as injected, and the ventricular system The cerebral cortex was 
perhaps % cm thick 

Opeiations — April n, 1936 Removal of glomus fiom the light latcial ventuclc r 
It w'as first thoroughly coagulated, then removed 

April 17, 1936 Coagulation and icmoval of glomus of left lateral vcntnclc 

April 28, 1936 Coagulation of choioid pic rus on undci surface of vermis at the 
f ot amen of Magcndtc and the pi olongation of the choioid into each latcial icccss There 
was quite a mass of plexus at each terminus, this w’as similarly destrojed with the 
cautery 

June 30, 1936 Patient returned because of vomiting The circumference of the 
head was unchanged but the fontanelle was somewhat tense Through a small opening 
m the right side of the anterior fontanelle the v entriculoscope was introduced into the 
anterior horn of the large right ventricle and the choroid plerus was quid ly cauterized 
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from the jot amen of Monto to the seal mailing the removal of the glomus The sep- 
tum pellucidum, curiously, was everywhere intact An opening- was cut through this 
structure by the cautery, and the plexus of the left latcial vent ncle was destroyed uith 
the cautery precisely as on the tight side 

The baby was discharged from the hospital July 19, 1936 
Subsequent Com sc — The baby was next seen one year later (July 8, 1937) At 
that time it was holding up its head, and appeared bright The mother says it under- 
stands much that she says to it 

The circumference of the head was 57 cm The anterior fontancllc was reduced 
to 4 5 cm m the anteroposterior diameter and 7 cm in the lateral 

The last visit was January 15, 1938, one and one-half years after the operation The 
head measured 57 cm in circumference, the anterior fontancllc 55x2 cm (Fig 2) The 
baby looks bright, sees and is beginning to talk Both arms and legs are used freel> 
When lying on her stomach she raises her head and looks from side to side She plays 
with her toys all day long , she loves to listen to the radio She has made no effort 
to get on her feet 


This series of opeiative procedures had been carried out in another 
child, age five months, a year previously, the patient died, howevei, six weeks 
following the final operation, too soon to estimate upon the effects of it on 
the hydiocephalus 

I11 this connection the results on a third little patient are of interest be- 
cause pathologic considerations prevented the attempted removal of the 
choroid plexus fiom the posterior fossa, and cauterization of that in the 
bodies of the lateial ventricles has so fai been withheld, but the little baby 
is, at the end of eight months, seemingly well and apparently cured 


Case 2 — R H , male, age three months, was admitted to the Johns Hopkins 
Hospital, with the history of having had a difficult birth The head was thought to 
have been large at that time, the mother, however, was reported to have had a con- 
tracted pelvis The baby was delivered with instruments It cried feebly but took its 
feedings by the breast immediately after birth It was not until the end of the ninth 
week that Dr C Rosenberg of Newark, N J , observed the first evidence of hydro 
cephalus (Fig 3) 

Examination — Except for the enlarged head the baby' was well developed, well nour- 
ished and looked healthy The head was markedly enlarged, measuring 5 ° crn 111 cir 
cumference, the anterior fontanelle measured 6x6 cm The veins of the scalp were 
dilated 

Opeiations — June 12, 1937 The glomus of the choroid was removed from both 
lateral ventricles at one operation The cauterization was continued down both desceti 
ing horns and for some distance along the body of the ventricles The cerebral henu 
spheres were not more than 1 cm thick at the site of the ventricular openings ie 
ventricular fluid was strongly colored with phenolsulphonephthalein that had been in 


troduced into the spinal canal on the preceding day 

June 25, 1937 Assuming that further operative treatment would be necessary, a 
bilateral cerebellar exploration was made Cauterization of the plexus in the posterior 
cranial fossa was intended However, there was a very" dense scar at the foramen 0 
Magendie which was tightly sealed and the cerebellar tonsils projected slightly into e 
spinal canal Hoping to reach and remove the choroid plexus within the fourth ventnc e, 
the vermis was split and an opening that would admit the index finger was made into 
the large fourth ventricle The incision was carried posteriorly to the medulla m ’ e 
midline The choroid plexus could not be seen , it was all incorporated within t e 
scarred mass and was beyond reach Since the hydrocephalus was clearly of the com 
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mumcating type, the opening into the fourth ventricle could play no part in the sub- 
sequent cure of the hydrocephalus 

Subsequent Ceruse— This little patient was last seen November 15, 1937— B\c 
months after the first operation (Fig 3 [A and B]) It was a very normal looking 
baby with bright eyes, it was cooing and playful Its head had increased only 1 cm 
since the admission to the hospital— a normal rate of growth The anterior fontanelle 
now measured 5x2 cm , a reduction of 1x4 cm , it was neither tight nor bulging A 
letter received February 1, 1938, stated that the baby continued to thrive, was seemingl} 
normal and measurement of the head showed no increase 

A B 



Fig 3 — Case 2 (A) and (B) Five months after the removal of glomi from both lateral 

\entncles An attempt was made to remove the plexus from the posterior cranial fossa, but 
it could not be reached because it was incorporated m a dense scar 


Cctufci motion and Removal of the Glomus — Preparatory to this and all 
the othei operative piocedures upon hydi ocephahc children whose sutures 
have not united, it is necessary to fix the head in a plaster encasement 
If this is not done, the head will collapse as the fluid escapes, and collapse of 
the head is almost necessarily fatal 

I always piefei to attack the choioid plexus through an air medium be- 
cause it is much moie simple (Fig 1, center ) , the plexus is so much better 
seen and so much easier of cauterization and lemoval I have tried the 
vanous watei cystoscopes used by Dr Hugh Young, and with special lm- 
piovements foi the local situation, but have never been able to get results 
as satisfactorily as with the an medium Working 111 an air medium, one has 
a fai shaipei, cleaier view, nevei obscured, as in a water medium, by an) 
little bleeding, moieover, any bleeding points can be piomptly controlled either 
with cotton pledgets or the electiocauteiy 

The cutaneous incision is straight and vertical (about 2 cm 111 length) in 
the occipital legion of each side and about to 3 cm from the midlme 
(big 1 [A] ) The bone is rongueied away until its opening is almost exaclh 
the size of the small venti lculoscope After opening the dura and cauterizing 
an) coitical \essels, the underlying cortex is incised and the \ entnculoscopc 
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is intioduced into the postenoi lioin of the ventncle (Fig i [A]) The 
ventucular fluid is collected, kept waim and leplaced at the end of the opera- 
tion Aftei much expei imentation the Cameion light has been found to be 
much the most satisfactoiy The illumination of the ventncle is almost 
pei feet and without sacnfiung 100m in the tube In older to pi event the 
effects of the electi ocautci y fiom spieading, an insulated Get man bakehte 
tube is used Pnor to the use of this venti lculoscope I used a headlight of 
German make and fiom which paiallel lays of light passed down the narrow 
tube, although very satisfactoiy, it was not so simple, in that frequent ad- 
justments of the head mnroi weie necessaiy to attain the exact angle for 
passage of light down the ventriculoscope 

In lecent yeais I have usually, but not invariably, lemoved the glomus 
of only one ventncle at a time (Case 2 is an exception) It is so easy to re- 
move both at a single opeiation that it is tempting to do so, but there is no 
doubt that it cari ies a higher moi tality Usually an interval of a week between 
the light and left sides is sufficient It is woithy of note that wdien the bead 
is in a plastei encasement, lapid iemo\al of the ventucular fluid has no 
effect upon the baby’s pulse, lespirations 01 color Such changes are very 
piomptly induced by even a slight loss of blood The best method of attack 
upon this mass of dangling choioid plexus — the glomus — has also been de- 
termined only after much experimentation It can be aspirated (only in 
young babies) into a continuous suction tube ceiy easily and with scarcely 
any bleeding because the vessels of this age are small and conti act promptly 
However, it is piobably piefeiable to cauterize the mass by applying a metal 
probe to its sui face until it is gieatly shrunken (Fig I, center) This mass 
can then be lemoved with long slendci bladed forceps, or sucked through the 
tube, or even left in place Every effoit is made to cautenze that portion of 
the choioid plexus that passes to the tip of the descending horn and also that 
in the body of the lateial ventncle, fiom this point of attack one can rarely 
cautenze the plexus fai beyond the bend into the body of the ventricle 

Before withdi awing the venti lculoscope, the ventriculai fluid is leplaced 
and any deficit is supplied by Ringei’s solution Since the venti lculoscope 
is accurately applied to the duial defect and the opening in the cortex, air 
cannot pass outside the coitex and cause it to collapse It might be supposed 
that fluid would subsequently^ pass through the cortical opening and collect 
outside the cerebial coitex, causing it to collapse, but this does not happen 
when the coitical opening is small In fact, this opening soon heals over 
and in the course of time can scaicely be found It is, of couise, obvious that 
these openings aie made m a silent part of the ceiebial cortex Conceivably 
the visual cortex might be injuied, but I have not seen this happen 

Removal of the Choioid Plexus in the Postenor Ciamal Fossa There is 
quite a volume of choroid plexus m the postenoi ciamal fossa Usually the 
cisterna magna, the foramen of Magendie and the fourth ventncle are a 
exceedingly large in communicating hydi ocephalus Exposure of the posterior 
cranial fossa by a small bilateral suboccipital craniotomy bungs all of the 
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choioid plexus m this legion immediately into view (Fig i [B and b] ) Even 
the extension of the choioid plexus laterally into each lateral recess is directly 
visible because the laige cistema magna extends lateially around the biam 
stem and lifts the ceiebellum upwaids as far as the inferior peduncles, under 
which the choioidal extensions pass to the foiamma of Luschka (Fig i [b]) 
wheie they foim a mass comparable to, but smallei m size than, the glonu of 
the lateial ventucles It requires only a few minutes to completely cauterize 
all of the choioid plexus in the postenoi cianial fossa As the choroid passes 
along the vagus neive the cauterization must be cautiously performed to avoid 
dysphagia This actually lesulted in this little patient but cleared after several 
days 

Theie aie exceptions to the above topographic relations At times the 
f 01 amen of Magendie is closed and the fluid must then escape through the 
ventricles thiough the lateial foramina of Luschka Under these conditions 
the cisterna magna may be veiy small and the cerebellum snugly applied to 
the biam stem, thus completely hiding and making difficult or impossible of 
exposuie the entne mass of choroid plexus in the postenor fossa In the 
second case of this lepoit this situation was encountered The cerebellum 
was tightly bound to the medulla eveiy where and the foiamen of Magendie 
was closed by a dense scar so that neithei the lateial extensions of the choroid 
noi that in the fouith ventncle could be safely reached I am not prepared 
to say that many cases of hydiocephalus cannot be cuied without including 
this poition of the choioid plexus in the sum total that is extirpated or 
neciosed, but the evidence at hand appears to indicate that it is essential in 
many 

Cautcuzation of the Choioid Ple.wis in the Body of Each Lateral Ven- 
tucle — Extirpation of the choroid plexus fiom the bodies of the lateial ven- 
tncle is not possible because the plexus is but slightly elevated However, 
it is only necessaiy to lightly diaw the coagulating needle of the electi ocautery 
(oi bettei a probe which is touched by the cautery) along it (Fig I, centei ) 
fiom the seal at which the glomus has been previously removed posteriorly 
to the foiamen of Momo, to see it shrivel to a white streak It has seemed 
bettei to coagulate this pait of the plexus on both sides at a single sitting, 
fiist because it is necessary to lemove only about two-thirds of the ventricular 
fluid, second, because the amount of cautenzation is less than elsewhere, 
thud, because of the desne to avoid entry through the more important left 
hemisphere, and finally, because both sides can be reached almost as easily 
as one (Fig i [c'] ) To accomplish this end the same sized Cameion ven- 
tnculoscope is passed thiough the light side of the anterior fontanelle, which 
is always laige The an medium is also used in the attack upon this pait 
of the plexus Usually the septum pellucidum is already peif orated, or even 
laigely destroyed by the pressuie of the hydrocephalic fluid It is then only 
necessaiy to shift the venti lculoscope through the openings to expose the 
choroid plexus on the left side (Fig i [C'] ) But if no perforation exists, 
as m the above case, one of adequate size can easily be incised with the cautery 
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Summary and Conclusions — In the treatment of communicating hydro- 
cephalus the removal of the glomus fiom each lateral ventricle may or may 
not be sufficient to pioduce a cute If not adequate, additional choroid plexus 
may be removed or destroyed by the cauteiy (i) From the posterior cranial 
fossa (fouith ventricle and lateial lecesses) , and/or, (2) from the bodies of 
both lateral ventricles Only experience and careful study of the effects of 
each attack can tell when the added removal is necessary There is so much 
individual variation in the rate of giowth of hydrocephalus that no set rule 
can indicate befoiehand whether additional removal is necessary, and if so, 
how much Since most cases do require moie than the lemoval of the glonu, 
I am inclined to destroy the plexus in the postenor ciamal fossa (when this is 
possible) without waiting to see the effects of removal of the glomi By so 
doing the extensive destruction of brain tissue in the unsuccessful cases may 
be avoided 

The test of success 01 failure of these opeiations is, to a very large extent, 
dependent upon measurements of the head, and by the time it is known that 
the operation has not been successful, extensive destructive of the brain tissue 
has lesulted , which may w'ell mean the diffeience between a subsequent normal 
and impaned mentality Nothing should be left undone to insure, when 
possible, the minimum of ceiebial damage By and laige, the destruction 
of brain tissue is fai more senous than the risk of the added operation 

The final suggested attack, namely, cautei ization of the plexus along the 
bodies of both lateral ventricles, should, I feel, be left until it is definitely 
demonstrated that both of the other proceduies have been inadequate 

Admittedly each of the above opeiative proceduies is one of magnitude and 
is fraught with danger, but when the hydi ocephalus of the communicating 
type continues to progress, there appears to be no alternative It seems im- 
possible that this type of hydrocephalus can be cured except by the removal 
of a sufficient amount of choioid plexus In the case here reported and the 
one that died subsequently, it was only the continuation of pressure, as indi- 
cated by a tense fontanelle and vomiting, that made the need of the last 
choroid plexus removal necessary (from the bodies of the lateral ventricle), 
if this line of attack were going to be successful Only the choroid plexus 
111 the roof of the third ventricle remains, and even the beginning of this at 
the foramina of Munro has been included in the cauterization Even this 
could be removed very simply by splitting the corpus callosum, but it is diffi- 
cult to believe that this small remaining amount of plexus could maintain 
a progressive hydrocephalus of this type 
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The material upon which this papei is based consists of four cases 
of primary malignancy of the jejuno-ileum which I have observed during 
the last eight yeais, and the reports m the literature during the same period 
of time of 196 similar cases (Table I) These tumors are rare and unusual 
Individual experience has rarely exceeded and seldom equaled a half dozen 
observations Carcinomata, malignant carcinoids and sarcomata comprise 
these malignancies Other reported 
types may be excluded because of 
their negligible incidence or question- 
able origin 

Carcinomata outnumbered sarco- 
mata 5 4, and malignant caicinoids 
8 1 The average age incidence foi 
these three groups is respectively 51 
48 and 57 years, exclusive of infants 
and children, who comprise 10 per 
cent of the sarcoma group, and who 
are almost exclusively males 

Primary malignancy does not re- 
spect any part of the jejuno-ileum It 
attacks the extremities w ith the gi eat- 
est frequency, but is found in the 
intervening portion in one-thnd of 
instances The proximal fourth of 
the jejunum and the distal fourth of 
the ileum account for 40 and 28 per 
cent of occurrences respectively The 
carcinomata predominate in the for- 
mer, and the Sarcomata m the latter , I IG 1 —Scatter chart illustrating the locations 

of the primary malignant tumors of the jejuno 

location The malignant carcinoids ,leum 

manifest a marked preference for the ileum, particularly its terminal portion 
(Table II, Fig 1 ) 

Multiple carcinomata occur very rarely, but one-sixth of the malignant 
carcinoids and half as many of the sarcomata exhibit plural sites of origin 
Carcinomata are predominantly of the adenomatous type, and may appear 

* Read before the Western Surgical Association at Indianapolis, Ind , December 3, 
l 937 Submitted for publication January 24, 1938 
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Table II 

LOCATION or MALIGNANT NEOPLASMS Or THE JEJUNO-ILEUM 


Type of Tumor 

Jejunum 

Ileum 

Undetermined 

Total 

Carcinoma 

70 

35 

4 

109 

Malignant carcinoid 

1 

12 


13 

Sarcoma 

33 

42 

3 

78 

Total 

104 

89 

7 

200 


as a simple ulcer, a papillaiy growth 01 an annular, ulcerated constriction 
The malignant caicmoids, until recently, were confused with the carcinomata, 
fi om which they are readily distinguishable by microscopic examination alone, 
without the aid of silvei 01 other special stains Histologic examination fails, 
howevei, to reveal then malignant properties, evidence of which must rest 
upon metastasis or invasion, unless it is assumed that all small bowel car- 
cinoids aie malignant These malignant neoplasms assume a nodulai or 
sessile form, raiely do they involve the whole circumference of the bowel 
They usually compiomise its lumen, either through lntralummar encroach- 
ment or by a puckeung distortion of the bowel wall m contradistinction to 
a complete ring-like stenosis Mucosal ulceration is not infrequent 
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The sarcoma gioup is classified here as fibrosarcoma, leiomyosarcoma 
and malignant lymphoblastoma, the latter is of lymphoid tissue origin and 
includes lymphosai coma, Hodgkin’s disease of the intestine and reticulo- 
endothehoma (Table III) Micioscopically, these three types of lymphoid 
tumors frequently blend m boiderlme cases so as to render impossible a hard 
and fast classification m all instances Only one-third of the sarcomata are 
of connective tissue or smooth muscle type, two-thirds of this group are 
of lymphoid stiucluie, of which the lymphosarcoma accounts for four out 
of five cases 


TAimr III 

CLASsiric.vnoN oi Tim sarcomata oi Tim jljono-illum 


No of 
Cases 

Fibrosarcoma 


10 

Leiomyosarcoma 


9 


f Lymphosarcoma 

43 

Malignant lymphoblastoma • 

(Hodgkin’s disease of the intestine) 

4 


[Endothelioma 

2 

Unclassified 


10 

Total 


78 


The sarcomata manifest such stniung and numerous individual varia- 
tions as to render futile any attempt at a general descriptive statement One- 
fourth are large and one-fifth are adherent to some neighboring viscus, 
usually the colon They exhibit large and small extialuminar and mtra- 
luminar masses, also large and small annular formations with and without 
narrowing or obliteration of the lumen A peculiar type of growth character- 
istic is the transformation of an appieciable length of small bowel into a 
hard, rigid thick-walled tube 

Carcinomata, malignant caicmoids and saicomata are all capable of 
pioducmg bowel obstruction, the first two with an average frequency of 90 
and 80 per cent, respectively, 56 per cent of the sarcomata produce this 
complication, which is nearly always mechanical, regardless of the kind of 
tumor The carcinomata and malignant caicmoids are primarily constrictors 
Intraluminar encroachment and extraluminai occlusion are produced less 
frequently by these growths Sarcomata obstruct usually (1) In the form 
of large or small annular masses , (2) by the formation of a rigid tubular 
segment, and (3) by intussusception and less frequently by (4) uitraluni- 
mar encroachment, (5) extralunnnar compression, and (6) angulation of 
the bowel wall due to matted and adherent coils of intestine 

There is a peculiar type of annular sarcomatous growth which causes 
dilatation of the bowel lumen instead of constriction It has been emphasized 
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more than its incidence warrants, with the result that there is widespread 
belief that such a deformity represents the usual type and that sarcomata of 
the bowel rarely produce obstruction Actually, constricting sarcomatous 
growths occur three times more frequently 

Metastases have been discovered at operation in approximately one-fourth 
of the carcinoma and sarcoma cases, and at autopsy in approximately 90 
per cent They may be widespread but are seldom found outside the abdo- 
men The regional mesenteric lymph nodes and the liver bear the brunt of 
these deposits As would be expected from our definition of a malignant 
carcinoid, practically all have metastases at operation and autopsy 

The symptoms vary greatly in kind and degree in the same and different 
individuals They are determined by such factors as the size, location and 
extent of the primary and possible secondary growths, and whether or not 
intestinal obstruction is present With few exceptions, with or without ob- 
struction, the complaints are referable to the abdomen and to the gastro- 
intestinal tract Infrequently, the manifest symptoms of small bowel involve- 
ment are absent or are so mild as to be overshadowed by other primary or 
secondary ailments 

The onset of symptoms may be sudden and severe, as in perforation, 
intussusception or sudden occlusion , usually they are insidious and frequently 
consist of anorexia, dyspepsia, weakness, fatigue and vague abdominal dis- 
comfort Loss of weight and constipation are pronounced m most instances 
Diarrhea occasionally occurs Alternating constipation and diarrhea are fre- 
quently present Occasionally a massive bowel hemorrhage occurs which 
originates surprisingly often in a tumor of the connective tissue or smooth 
muscle types, the leiomyosarcomata are the chief offenders m this respect 
The patient infrequently observes evidence of blood in the stool Occasionally 
he discovers an abdominal tumor, which is usually a large sarcoma Rarely 
are the smaller carcinomata and malignant carcinoids found by the patient 
The duration of symptoms varies from a few hours to several years It 
it usually expressed in terms of months Approximately one-half of the 
cases have had symptoms for six months or less, and three-fourths for one 
year or less 

The physical findings may or may not be abnoimal They are con- 
veniently classified as general and abdominal The positive general find- 
ings are usually indicative of a wasting ailment and consist of pallor, fevei, 
undernourishment, emaciation and cachexia of various degrees and combina- 
tions Their incidence is slightly under 20 per cent for carcinomata and 
somewhat higher for sarcomata 

The positive abdominal findings are for the most part those of chronic 
obstruction and tumor, and seldom are of an acute abdominal condition 
The instances of acute obstruction and perforation are relatively few The 
percentage incidence of palpable sarcomata is high and exceeds greatly that 
of the carcinomata, the respective values are 65 and 29 per cent The 
diameters of half of the sarcomata equal or exceed 5 cm These tumors not 
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infrequently aie large 01 massive The caicinomata, on the other hand, are 
usually small and seldom, if evei, massive, they laiely attain a diameter 
of 6 cm 

Intestinal lumois aie usually movable but may become adheient and 
immovable, this is especially notcwoilhy of the saicomata, which aie often 
attached to sunounding stiuctuies 

The hemoglobin values are appieeiably low in most instances but only 
occasionally aie they undei 50, such extieme depletion is usually found in 
an illness of long duiation, 01 in one chaiacteuzed by a sudden severe 
hemoiihage The stools may or may not contain evidence of blood Oc- 
casionally the lattei is piesent in enoimous amounts 

Roentgenologic observations aie extremely' valuable 111 the determination 
of the piesence, degiee and level of an obstiuction, and also foi revealing 
the lelationship to the bowel of an abdominal tumoi , negative as well as 
positive findings are impoitant The evidence of obstruction infrequently 
justifies an expiession of opinion legal ding its nature The scout film, colon 
depiction after an opaque enema, and a specially executed gastro-intestinal 
examination aftei the ingestion of bauum, compnsc the 1 oentgenologic pio- 
cedures usually' employ'ed The senal films and obseivations must be taken 
at frequent mteivals to obviate missing transitory evidence of obstiuction 
and alteiations in bowel wall conloui The hazards of a bauum meal in 
the piesence of seveie obstiuction aie well known and frequently conti a- 
mdicate its employment The scout film v r as larely employed in this series, 
and the barium enema very mfieqently Because of their gieat merit this 
constitutes a serious omission Gastro-intestinal studies w'eie earned out in 
46 per cent of instances 

A 20 pei cent enoi pi evaded in the recognition of actual obstruction 
Neoplastic involvement w'as suspected m 25 pei cent of instances of recognized 
obstruction The possibility' of exact clinical diagnosis does not exist Rarely 
is a diagnosis of any kind of pnmaiy neoplastic disease of the jejuno-ileum 
well founded Usually diagnostic lesources aie exhausted m the lecogmtion 
of an obstiuctive lesion primal y 111 the small bow'd With rare exceptions, 
only obstructive cases disclose evidence indicative of possible primary neo- 
plasia, this obstiuctmg group compuses appi oxnnately thiee-fourths of the 
total number of tumors under discussion 

The significant diagnostic factois aie the lustoiy, physical, laboratory 
and 1 oentgenologic evidence, of which the lustoiy and roentgenologic evidence 
aie the most unifoimly positive and suggestive, the former is almost never 
negative, and the latter nevei In othei w'oids, positive 1 oentgenologic 
evidence of small bowel alteiation is indispensable m all instances Positive 
physical findings such as a palpable tumor and positive laboratory' findings, 
such as blood in the stool, are always significant, but nevei essential Diag 
nostic accuracy is greatly enhanced when all four factois aie positive anc 
mutually supportive 

The nonobstructive cases piesent almost insurmountable diagnostic di 
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Acuities Two recent reports indicate conclusively, however, that a correct 
diagnosis of a primary small bowel tumor is possible, at times, even m these 
cases They both concerned palpable tumors with central cavitation, whose 
small bowel origin was pioved by the roentgenologic evidence of the air 
filled cavities, into which ingested barium flowed The bowel lumen of 
the lesected segment was found to be dilated within the tumor 

In this senes one-sixth and one-seventh, respectively, of the carcinoma 
and sarcoma cases were diagnosed correctly insofar as the presence of a 
pnmary, small bowel tumor is concerned In some instances the diagnosis 
was not wari anted by the evidence In a few cases malignancy was sus- 
pected and diagnosed correctly upon roentgenologic findings of infiltration 
of the bowel wall by a tumor 

Radical surgical removal in one or moie stages is the basis for cure, and 
was performed with this object in view in 69 and 64 per cent, lespectively, 
of the caicmoma and sarcoma cases, only three of the 13 cases of malignant 
caicinoid received similar treatment 

Postopei ative roentgenotherapy is administered frequently, particularly 
in instances of saicoma Palliative operations to relieve obstruction are oc- 
casionally peifoimed, and sometimes are as extensive as the curative pro- 
ceduies 

The prognosis is unsatisfactory with respect to both the immediate opera- 
tive moitahty, which is 30 per cent, and the ultimate results, there is no 
notewoithy difference 111 the outcome of the fiist few years between the car- 
cinoma and sarcoma cases, which show respective percentage survival at 
one year of 24 and 30, and at thiee years of 13 and 10 per cent, the re- 
spective values at five years are six and ten One carcinoma case and one 
of malignant carcinoid lived eight years, the latter being the author’s case 
Three sarcoma cases survived opeiation eight years, two 13 and one 20 
years 

Metastasis was found upon microscopic examination of the removed tissue 
m one of the five carcinoma cases who survived operation five years, and 
also in the author’s case of malignant carcinoid, like evidence was disclosed 
in only one of the six saicoma cases who suivived an equal length of time 
This single occurrence was in another of the author’s cases Of these latter 
six cases of long survival two were fibrosarcomata, one leiomyosarcoma, and 
three lymphosarcomata Only one received roentgenotherapy The leiomyo- 
sarcoma case died of a recurrence 13 years and eight months after opera- 
tion The 20 year survival was that of an instance of fibrosarcoma (Table 
IV) 

CASE REPORTS 

Case 1 — L P M , female, age 48, was first seen March 17, 1930, because of a 
diarrhea of 18 months’ duration, 30-pound loss of weight, occasional generalized abdom- 
inal distress and two recent attacks of severe abdominal pain, accompanied by nausea, 
vomiting, and blood stained stools 

The physical findings were negative upon entrance The laboratory examinations 
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Table IV 


MORTALITA AND SURVIVAL DATA Or OPERABLE CASES 



Carcinoma 

Carcinoid 

Sarcoma 

No 

Percentage 

No 

Percentage 

No 

Percentage 

Operable 

75 

69 

3 

23 

50 

64 

Immediate mortality 

22 

29 % 

0 

0 

15 

30 

Alive six months 

25 

33% 

2 

66% 

17 

34 

Alive one year 

18 

24 

2 

66% 

15 

30 

Alive two years 

13 

17 % 

1 

33 % 

7 

H 

Alive three years 

10 

nM 

1 

33 % 

6 

12 

Alive four years 

6 

8 

1 

33% 

6 

12 

Alive five years 

5 

6] 

1 

33% 

6 

12 

Alive six years 

2 

2% 

1 

33% 

6 

12 

Alive eight years 

1 

1% 

1 

33% 

3 

6 

Alive 13 years 

0 

0 

0 

0 

2 

4 

Alive 20 years 

0 

0 

0 

0 

1 

2 

Not stated 

17 

22% 

1 

33% 

8 

16 


showed Blood Wassermann, ncgatnc, hemoglobin, 153 Gm , er>throc}tes, 4,485,000, 
leukocytes, 7,350 , stools negative for blood A gastro-intcstmal study following a barium 
meal was negative 

Following two attacks of scveie abdominal pain during the first five weeks ol 


Tig 2 1 ig 3 



Fig 2 — Case i Low power photomicrograph of malignant carcinoid of ileum, showing 
fibrous stroma infiltrated with characteristic epithelial cell masses, with no tendency to tube * 

Fig 3 — Case i High power photomicrograph of a metastatic carcinoid deposit in a m , 
lj mph node This shows the characteristic masses of small cuboidal epithelial cells, witn t 
deeply staining nuclei 
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hospitalization, there developed fever, leukocytosis, bloody stools and findings indicative 
of an acute inflammatory peritoneal involvement 

During the second attack an exploratory celiotomy was performed, which disclosed 
a mesenteric tumor 7 cm m diameter, together with torsion of the mesentery from right 
to left, with resulting gangrene of several feet of distal ileum A resection of 160 cm 
of ileum with a large part of its adjacent mesentery was carried out, and was followed 
by a lateral anastomosis A11 uneventful recovery occurred Diarrhea persisted for 
one year The patient is living and well (April, 1938), eight years postoperative 

The mesenteric tumor upon section presented a yellow, fleshy surface Upon open- 
ing the intestinal segment a small whitish tumor was discovered upon the mucosal sur- 
face It measured 2 5 cm 111 diametei 

Microscopic examination of these two tumors revealed a moderately dense fibrous 
stroma, which was diffusely ingrown with huge sheets and cords of epithelial cells 
showing no tendency to tubular formation The individual cells were cuboidal or polyg- 
onal, with a moderate amount of pink, finely granular cytoplasm and comparatively 
large spherical nuclei The diameters of the cells and nuclei were practically uniform 
There were no mitotic figures (Figs 2 and 3) The muscularis of the bowel was 
infiltrated with cords of epithelial cells Pathologic Diagnosis Primary malignant 
carcinoid tumor of the ileum with metastasis to the mesentery 

Comment — Obstruction pioduced by primary malignancy of the jejuno- 
lleum is nearly always of the mechanical type, this case, however, belongs 
to the strangulating type of obstruction It is noteworthy that this pnmary 
tumor produced no symptoms and was not discovered until a careful exam- 
ination was made of the resected bowel segment This tumor belongs to 
a group of extremely rare small bowel malignancies, whose number in the 
liteiatuie does not exceed 40 


Case 2 — S A , male, age 42, was first seen April 14, 1932, complaining of colicky 
abdominal pain, nausea, vomiting, anorexia, weakness, 17 pound weight loss and con- 
stipation, which symptoms had begun five months previously He had a 10 year his- 


tory of gastro-intestinal disturbances Three years 
before, an operation was performed for a perforat- 
ing duodenal ulcer and gallstones, with resulting 
freedom from symptoms for two years, which 
ended with the onset of the present disturbances 
Temperature, ioi° F 

Physical Examination — Weakness and ema- 
ciation were pronounced Upper abdominal dis- 
tention and visible peristaltic waves, left to right, 
were present A small, hard, immovable and 
tender mass 2 cm in diameter was palpated in the 
left upper abdominal quadrant A second smooth, 
firm, immovable tumor 6 cm in diameter was 
found in the right lower abdominal quadrant 

Laboiatoiy Data — Blood Wassermann, nega- 
tive, hemoglobin, 132 Gm erythrocytes, 4,210,000, 
leukocytes, 6,550, stools negative for blood Gas- 
tric analysis after an Ewald meal gave the follow- 
ing values Free HC 1 15, total HC 1 28 Gastro- 
intestinal roentgenologic studies, after a barium 
meal, revealed a normal stomach and duodenal 
cap The second portion of the duodenum was 



Fig 4 — Case 2 Roentgenogram 
showing an irregular filling defect at the 
duodenojejunal flexure, which was diag 
nosed as a malignant infiltration of the 
bowel wall It pro\ed to be Hodgkins 
disease of the jejunum 
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somewhat narrowed and distorted A loop of small bowel at the duodenojejunal flexure 
showed numerous finger-hkc areas of irregularity, loss of the normal markings and 
irregular filling defects (Fig 4) The barium passed through this area with but little 
delay A tumor w r as palpated here There was a 50 per cent gastric retention one hour 
later A diagnosis w'as made of a partially obstructing lesion of the duodenal flexure, 
most likely a malignant infiltration of the bow’d w-all At operation a hard immobile, 
obstructing tumor about 8 cm in diameter w'as found in the jejunum at its junction with 
the duodenum There w'as marked regional adenopathy A second retroperitoneal 
tumor, 5 cm in diameter, wms felt below' the low'er pole of the right kidney A palliative 
posterior gastro-enterostomy w'as performed Death occurred 24 hours later, apparentlj 
due to surgical shock 

Autopsy — The entire circumference of the proximal jejunum for a distance of 11 cm 
was found to be involved by a tumor The mucosa was nodular This intestinal wall 
measured 5 cm in thickness Metastases to the mesenteric hmph nodes were found 

Tig s Tig 6 



Fig s — Case 2 Photomicrograph of Hodgkin’s disease of the jejunum The cells are 
lymphocytes, but reticulum cells are present also (High power) . fHich 

Fig 6 — Case 2 Photomicrograph of a metastatic deposit 111 a mesenteric node k 

power ) 


Mtci oscopic examination of the primary and secondary tumors revealed a rather dense 
fibrous tissue reticulum supporting masses of small round cells resembling ljmphocjtes, 
a few plasma cells, occasional giant cells and large mononuclear reticulum cells with an 
abundant, finely granular cytoplasm and small round nuclei (Figs 5 and 6) A diagnosis 
of Hodgkin’s disease of the intestine w'as made This condition resembles ordinary Hodg 
km’s disease only in its histologic appearance and malignant manifestation 

Case 3 — O O , male, age 48, was first seen January 20, 1932, complaining ° 
colicky abdominal pain, nausea, vomiting, constipation and a weight loss of 24 pounds 
These symptoms had been present for six weeks The first disturbance consisted 0 
quite severe left upper abdominal quadrant colicky pain, appearing soon after the eve 
mng meal, and accompanied by nausea and repeated copious vomiting There was a 
recurrence of these symptoms four days later and several times subsequently The 
stools became hard and dry, because of which laxatives were taken There were daily 
movements until the three day period before examination, when there W’as none P r0 ' 
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gressive pallor had been observed for three months, and constituted the only positive 
physical finding when first seen 

Laboi atoi y Data — Hemoglobin, g 6 Gm , erythrocytes, 3,860,000 , leukocytes, 6,400 , 
blood Wassermann, negative, gastric analysis after an Ewald meal Free HC 1 15, 
total HC 1 34 Seven stools gave three positive guaiac tests Two gastro-intestinal 
roentgenologic studies after barium ingestion were carried out six days apart, and re- 
vealed a normal stomach and duodenum but a slight dilatation of the proximal jejunum 
above an area of constriction This constricted area presented the appearance of an in- 
filtrative type of tumor (Fig 7) and was so diagnosed, a carcinoma being suspected be- 
cause of its relatively greater frequency in this location 



Fig 7 — Case 3 Roentgenogram showing the dilated proximal jejunum 
caused b> a constriction, apparently produced b> an infiltrative type of lesion, 
whose level is indicated by the arrow A roentgenologic diagnosis of primary 
malignancj of the jejunum was made The tumor proved to be a lymphosarcoma 

Opciatwn — An annular jejunal tumor was found 47 cm from the duodenojejunal 
flexure The proximal jejunal segment was four times larger than normal and its walls 
greatly hypertrophied Distal to the tumor were collapsed intestinal coils of normal 
appearance The constricting band was 7 cm m width It was adherent to the great 
omentum and the descending colon Three enlarged and quite firm lymph nodes were 
present m the adjacent mesentery Forty-six centimeters of the jejunum were resected, 
together with the adjacent mesentery bearing the lymph nodes and the involved portion of 
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the anterior wall of the descending colon This window-like defect of the colon was 
closed and the jejunal segments were joined end-to-end An uneventful recovery fol 
lowed with a lapid gain m weight The patient left the hospital 15 days after the 
operation Shortly afterwards he was given two courses of deep roentgenotherapy He 
is living and well six years after operation 
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Tig 8 — Chse 3 Photonucrogr'iph showing the entire thickness of the jejunal wall to be m 
filtrated with lj niphosircoimtous tissue (Low power) 

Tig 9 — Case 3 Photomicrograph showing cellular infiltration of the musculature of the jejunum 
(High power ) 
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Fig 10 — Case 3 Photomicrograph showing a mesenteric lymph node completely re P' a “ er ) 
side by lymphosarcomatous tissue The uninvolved portion shows aery large follicles ' L 1 
Fig 11 — Case 4 Photomicrograph of primary lymphosarcoma of the ileum (Low p 

The mucosal surface of the tumor was intact except for an ulcerated area 4 111 

diameter at its mesenteric border Microscopic examination of the jejunal and metas 
tatic mesenteric tumors revealed closely arranged large round cells supported by a scant 
fibrous reticulum Tissue eosinoplnle leukocytes were abundant in the primary tumor 


but were scant in the mesenteric lymph nodes Mitotic figures were not seen m 


the 

former location, but were present m the metastatic areas (Figs 8, 9 and 10) A diagnosis 
of lymphosarcoma was made 

Comment — This small constricting lymphosarcoma resembled grossly 
the most common type of primary malignancy of the small intestine, par- 
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ticulaily of the pioximal small intestine, namely, an annular caicmoma It 
is noteworthy that postoperative suivival and good health lesulted for six 
yeais, even though there existed metastatic mesenteric nodules and direct 
extension of the tumor to the descending colon 

Case 4 — S H , male, age 64, was seen October 28, 1935, complaining of symptoms 
of cardiac failure which had been present four months For one year the patient 
had been aware of the presence of an abdominal mass which, to his knowledge, 
had caused no trouble with the possible exception of a period of repeated vomiting 
which began six weeks before and stopped abruptly and completely two weeks later 
The bowels had always been regular and free from gross evidence of blood Except 
for heart sounds of poor quality and some moist rales m the bases of both lungs, the 
positive physical findings were limited to the abdomen and both lower extremities — an 
enormous, hard, nodular, immovable mass, which was only slightly tender, occupied all 
of the right side of the abdomen and the upper half of its left side There was marked 
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Fig 12 — Case 4 Photomicrograph of a field which shows tumor cells which are t>pical of lym 
phosarcoma (High power ) 

Fig 13 — Case 4 Photomicrograph of a field which shows tumor cells suggestive of Hodgkin’s 
disease of the ileum (High power ) 

edema of the lower abdominal wall and both lower extremities The blood Wasser- 
mann was negative , hemoglobin, 80 per cent , erythrocytes, 4,370,000 , leukocytes, 2,325 
to 4,850, and just before death, 850, seven differential counts gave the following per- 
centage values Polynuclears, 23 to 40 , large lymphocytes, 27 to 43 , monocytes, 3 to 
11, eosinophiles, 6 to 19, and basophiles, 2 to 8 Four stool examinations gave one 
positive guaiac test Roentgenologic studies after a barium meal showed no evidence of 
intrinsic involvement of the gastrointestinal tract A diagnosis was made of probable 
retroperitoneal sarcoma, and roentgenotherapy started Death occured from cardiac failure 
tluee days later 

Autopsy — There was found in the terminal ileum a chronic irreducible intussuscep- 
tion extending 2 cm into the lumen of the distal segment The lumen of this mtus- 
suscepted bowel contained a firm nodule about 3 cm in diameter and at the distal end 
an irregular, polypoid nodular mass 5 cm wide, 2 5 cm long, and 2 cm thick In the 
adjacent mesentery was found a mass 7 cm in diameter Mm oscopic examination of 
the tumor revealed closely packed masses of large round or cuboidal cells with occasional 
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mitotic figures Tiie cells were supported by a scant fibrous stroma There were oc- 
casional giant cells (Figs n, 12 and 13) Patholoqic Diagnosis Primary lymphosar- 
coma of the ileum with metastasis to the mesenten 

Comments — This case belongs to the gionp of pnmary malignancies of 
the jejuno-ileum which leveals no demonstrable clinical or 1 oentgenologic 
evidence of intnnsic bowel pathology, and theiefoie piesents insui mountable 
handicaps in clinical diagnosis It is noteworthy, too, that histologic exam- 
ination of this turnoi leveals some fields which aie typical of lymphosarcoma 
and otheis which are typical of Hodgkin’s disease of the small intestine 
This is, theiefoie, a lymphoid tumoi of a boideihne type, in which there is 
blending of two histologically d iffeient tumors 


CONCLUSIONS 

(1) Catcinotna and saicoma of the jejuno-ileum are nearly equal in in- 
cidence, while malignant caiunoid accounts foi 65 per cent 

(2) Two-thirds of the pumaiy neoplasms appeal in the extremities and 
one-tlurd in the intei vening poitions of the jejuno-ileal segment 

(3) Eighty to 90 pei cent of caicmomata and malignant carcinoids and 
at least 50 per cent of saicomata pioduce mechanical obstruction of the 
bowel 

(4) Infi equently, theie are neither locali/ing symptoms nor positive 
1 oentgenologic findings of localised intestinal involvement 

(5) Nonobstructive cases piesent almost insui mountable diagnostic dif- 
ficulties 

(6) Occult blood m the stool is inconstant and frequently of no ma- 
terial value in differential diagnosis 

(7) Positive roentgenologic findings of localized intestinal involvement 
are essential foi a diagnosis of small bowel neoplasm 

(8) A clinical diagnosis of jejuno-ileal neoplasm is made coirectly in ap- 
proximately one-sixth of the cases 

(9) A positive clinical and 1 oentgenologic diagnosis of malignancy is 
seldom made and raiely wan anted by the findings 

(10) Approximately two-thuds of the cases are opeiable , 

(11) The opeiative moitality is 30 pei cent and five yeai suivival less 
than 10 per cent 
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In spite of the relative mfrequence of the occuirence of acute mtia- 
abdominal conditions as a result of some disease of a persistent Meckel’s di- 
veiticulum, the hteiatuie on the subject has become quite extensive This 
is pei haps tiue because the lesion is not common, the symptoms aie dramatic 
and the embiyologic malfoi niation easily undei stood While it is tiue most 
of the symptoms seen aie the lesult of intestinal obstruction or peritonitis, 
the mechanism by which the obstruction or the peutomtis may be pioduced 
is quite vaned Dui mg the past few yeais we have had the oppoitumty of 
studying a lepiesentative senes of these lesions and have been able to gioup 
them into certain well defined types In view of the fact that most of the 
clinical repoits that have been published stiess only certain paiticular types, 
it has occurred to us that such a classification of the suigical aspects of this 
anomaly might be of value The cases consideied will be only those that 
have come to opeiation and will not include those instances in which a 
Meckel’s diverticulum has been encounteied accidentally, not being associated 
with the clinical syndrome foi which the operative piocedure was undertaken 
Vitelline cysts, persistent omphalomesenteric ducts, malformations of the 
umbilicus and othei anomalies due to omphalomesenteric lemams will not 
be consideied at this tune An exhaustive review of the literature, likewise, 
will not be undertaken as this has been adequately considered in seveial lecent 
publications, especially those of Curd, 1 Chiistie, 2 Greenwald and Steiner, 3 
and Schulhnger and Stout 4 

Ci edit foi the first mention of what subsequently was to be called Meckel’s 
diverticulum is generally given to J H Lavater, in 1672 (quoted by Cuid 1 ) 
It seems probable, however, that it was recognized even before then by 
Fabricius who advanced the conception that such diveiticula anse fiom in- 
creased tension 111 the lumen of the intestine Ceitamly Ruysch 5 published 
an excellent lllustiation of the anomaly in 1701 At the turn of the eighteenth 
century, embryologists began to give consideiable attention to the origin of 
the intestinal tract This was ciystalhzed by the appeal ance of Oken’s and 
Kieser’s 5a treatise in which they demonstiated the part played by the yolk 
sac In their opinion, howevei, the yolk stalk persisted as the vermiform 
appendix It was Meckel 0 who showed the fallacy of this conception and 
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pioved that whenevei a peisistuice of the yolk stalk occuned it was always 
found m the lowei part of the ileum His findings have been summarized 
by F T Lewis 7 as follows “An out-pocketing of the human small intestine, 
usually about an inch in length but sometimes seveial times as long, had 
fiequently been obseived It was generally found opposite the mesenteric 
attachment, about three feet from the beginning of the laige intestine Some- 
times it was turned towaicl the mesentery Its walls included all of the 
layers that went into the foimation of the intestinal tube, with which its 
lumen was in fiee communication He saw r the chveiticulum several tunes 

m childien at biith, once in an embiyo of six months and tw'ice at three 
months Since it is a congenital stiuctuie, essentially constant in position, 
Meckel sought to explain it through the noi mal development of the intestinal 
tiact, and concluded as follow's ‘Even into the thud month of embryonic 
life a small elevation remains in the lower pait of the small intestine as a 
tiace of the foimer connection (with the ) oik sac), and if this is retained 
beyond this tune it appeal s as a blind appendage ’ ” 

Dui mg the succeeding yeais numerous clinical lepoits appealed dealing 
with vanous inti a-abdommal lesions produced by a persistent Meckel’s di- 
verticulum Most of these dealt with \auous types of intestinal obstruction 
and while several instances of perfoiation and peritonitis had been reported, 
Fitz, 8 in the hist adequate leview found in the Amencan literature, states 
that after an expei lence of 1 3 years in the autopsy room at the Massachusetts 
General Hospital, he had nevei seen a single instance of adhesive peritonitis 
m connection with a diveiticulum It is of historic intei est that m this same 
article Fitz states that “In the region wdieie these congenital causes are 
most fiequently met with, an occasional cause of intestinal strangulation, viz , 
the vermifoim appendage, is also found ” This w r as tw r o yeais befoie the 
appearance of his epoch-making publication on perforating ulcers of the 
vermifoim appendix In the light of piesent day knowledge it seems re- 
markable that such complete and accuiate studies could have been made on 
the pathology of Meckel’s diverticulum before the recognition of the much 
more frequent disease of acute appendicitis 

The incidence of Meckel’s diverticulum is between 1 and 2 per cent accord- 
ing to the majonty of statistical lepoits The exact location of the diverticulum 
will depend upon the age of the individual and will likewise vaiy to a certain 
extent m different individuals of the same age The site is apparently de- 
pendent upon the amount of growth taking place m that portion of the in- 
testine proximal to the insertion of the stalk In infants where complete 
growth has not occui red it may be found only a few inches from the ileocecal 
valve, while m adults it may be seen as fai as thiee feet away In the vast 
majority of instances the presence of a diverticulum produces no untoward 
symptoms The diametei of the lumen closely approaches that of the ileum 
and the lesults of retention and obstruction are therefoie uncommon 
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The piesent study consists of obseivations made on 19 cases These have 
been quite vaned m then symptomatology and pathologic picture, yet can be 
giouped loughly into four clinical types 

(1) Catairhal inflammation with or without associated regional complica- 
tions 

(2) Intestinal obstruction 

(3) Gangrene of Meckel’s diveiticulum 

(4) Peptic ulcei due to the presence of ectopic gastric tissue 

(1) C atari hal Inflammation with or without associated regional complica- 
tions While m this gioup we had only four cases, catarrhal inflammation of 
Meckel’s diverticulum undoubtedly represents the most frequent type of 111- 


Fig 1 Fig 2 



Fig 1 — Photomicrograph of uncomplicated histologic picture of Mechel's diverticulum Note the 
normal ileal mucosa (low power) 

Fig 2- — Photomicrograph of catarrhal inflammation of Meckel’s diverticulum The glands are 
distorted due to edema and exfoliation of the cells There is infiltration of monocytes and polymor 
phonuclear leukocytes The picture is one of nonspecific catarrhal enteritis limited to the diverticulum 
(low power) 

flammation Proof for this statement can be found m the numerous instances 
m which a Meckel’s diverticulum is accidentally encountered giving anatomic 
evidence of a previous, old inflammatory process This may present itself 111 
the form of an organized peiitoneal exudate causing adhesions between the 
diveiticulum and the ileum at its base 01 between neighboring loops of in- 
testine Such adhesions may be the cause of intestinal obstiuction, as will be 
discussed later 

Usually such an inflammatory process does not produce symptoms charac- 
tenstic enough to result in its lecogmtion In one of our patients 111 which 
such an acute piocess was piesent (Fig 2) the symptoms were those of acute 
appendicitis without the localized tenderness and ligidity generally seen in this 
condition At opeiation the diverticulum was edematous and injected and 
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was suuounded by omentum lesembling the picture seen in the nonobstructive 
type of acute appendicitis 

It is quite possible that a diffuse ententis may lemain localized in the 
chveiticulum longei than in the lest of the small intestine due to poorer drain- 
age Because of the difficulty m diagnosis the symptomatology is still poorly 
undei stood We have cncounteiecl one case in which such a piocess seemed 
to he instrumental in the pioduction of a legional ileitis When Crohn 9 and 
his associates first isolated this specific clinical syndiome fiom other types of 
intestinal gianulomata they descnbecl in detail a definite pathologic picture 
hut stated that as yet the etiology was not undei stood Since then various 
explanations have been ofifeied, hut so far all efforts to explain it on the 
basis of a specific type of infection have failed Bockus and Lee 10 have stated 
that “It is not umeasonable to postulate that any pi unary inflammaton 
mucosal disease in the teiminal ileum might in the end resemble the entity 
undei discussion” More lecently Reicheit and Mathes 11 have shown that 
an identical pathologic pictuie can he produced in an animal by the experi- 
mental production of intestinal lymphedema and thus add furthei evidence 
to the conception that a localized inflammatoiy piocess in the teiminal ileum 
may thiough the piesence of a chtonic lymphangitis eventually pioduce such 
a pictuie 

This patient (Case 2) complained of intestinal ciamps and constipation of 
about two years’ duiation The findings at opeiation were characteristic of 
so-called “regional ileitis,” beginning in the distal ileum just pioximal to a 
Meckel’s diveiticulum and ending abiuptly at the cecum The wall of the 
diveiticulum was m keeping with that of the lemainder of the distal ileum 
The mucosa was edematous and slightly hypei plastic In seveial areas there 
weie laige accumulations of lymphoid material in the mucosa tending to dis- 
place the epithelium The submucosa was markedly thickened due to edema 
as was the musculai is There was a moderate amount of growing fibroblastic 
pi oliferation around the serosa (Fig 3) 

It is quite possible that the presence of the Meckel’s diverticulum in this 
patient had nothing to do with the etiology of the pi ocess The presence of a 
localized area of chionic ententis in such a diveiticulum, howevei, must be 
consideied seriously as a causative factor 

Occasionally a patient is seen with the clinical picture of peritonitis wuci 
at opeiation is found to be due to a peifoiation of a localized ulcer in a Meckel s 
diverticulum Caieful examination of the tissue will show no evidence 0 
ectopic gastnc mucosa 01 panel eatic tissue The cause of such a perforation 
may be a nonspecific, necrotizing type of inflammation or pressure necrosis 
from an impacted fecahth Quite often, howevei, it is impossible to demon 
strate the latter We have had two such instances (Cases 3 an< ^ 4 ) 011 

of these the perforation was slow and at opeiation a well walled-off absces 
was found In the other the symptoms were fulminant and resembled to 
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Fig 3 — Photomicrograph of the wall of the di\ erticulum miohed in the regional ileitis 
Note the raassne edema of the submucosa with the presence of a ljmphoid nodule immediate)! 
beneath the epithelium The epithelium is desquamating into the lumen in seaeral places The 
muscularis stains poorl> and is likew lse edematous 



n 
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Fig 4 — Photomicrograph of the edge of a nonspecific ulcer which had perforated causing 
localized peritonitis There is no endence of ectopic gastro intestinal epithelium seen The 
picture is that of a localized area of necrosis 
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considei able degiee the pictme of a peifoiated duodenal ulcer (Fig 4) In 
neithei case was it possible to explain adequately the cause of the perforation 
(2) Intestinal Obstiuction — YVc have obseived five instances 111 which 
some type of intestinal obstiuction lcsulted fiom the piesence of a Meckel’s 
clivei liculum As has been stated, eaily lepoits of lesions of Meckel’s diver- 
ticulum were foi the most pait concerned with intestinal obstruction Indeed, 
Meckel himself called attention to the fact that the persistent lemnant of the 
yolk stalk 01 the omphalomesentei ic \essels extending down to the tip of the 
chveiticulum could easily act as a band causing such an obstruction This is 
piobably the mechanism m what is peihaps the fiist reported case of intestinal 
obstiuction due to this cause, namely, that of Van Doeveren as described by 
Sanchfoit, 12 in 1793 These bands do not necessarily always lead from the 
tip of tbe chveiticulum to the umbilicus but may have many bizarre attachments, 
the mesenteiy being peihaps the most common The defect produced is gen- 
eially that of a tunnel tlnough which loops of bowel may migrate and subse- 
quently become strangulated At othei times a diverticulum may become 
twisted upon itself and in so doing obstiuct an adjacent loop of bowel A 
numbei of these methods have been desciibcd by Cullen 15 with accompanying 
lllustiations That the tip of a diverticulum may become adbeient to a distant 
point as tbe lesult of a penlomtis secondaiy to diverticulitis and sene as a 
cause of obstiuction is well lllustiated in Case 3 Eaiher wnteis, especially 
Titz, either doubted the occuuence of such a condition or else thought it 
extremely laie We have obseived it several times 

A Meckel’s diverticulum acting as tbe stai ting point foi an intussusception 
of tbe ileum, while obseived befoie, is still laie enough to wan ant a detailed 
description 


Case Report — M B, while, female, age 11, entered the St Louis Childrens Hos 
pital, December 10, 1935, with the complaint of abdominal pain and vomiting for six 
days Her past history was uneventful with the exception of a slight attack of nausea 
and headache a year previously, for which there had been no explanation At noon, 
six days before her admission to the hospital, she experienced sharp, shooting pains in 
the abdomen localized about the umbilicus This had been preceded shortly before ) 
diarrhea During the afternoon she began to vomit and continued to do so at mterva ^ 
until her admission She had been given repeated enemata with no results after t | e 
first one with the exception of the presence of blood first noted two days before a 
mission Distention had been present for 24 hours . 

Physical Examination — She appeared acutely ill, but was alert and cooperative, ,e 
eyes appeared sunken and the skm was dry and gray There was a slight nasa IS 
charge The lips were dry and cracked The phaiynx was injected The chest wa 
normal , pulse 120 The abdomen was distended and tender throughout, the right si 
more so than the left There was no ngiditv Rectal examination revealed no niasse 
but definite peritoneal tenderness An enema revealed a few flecks of blood cn 
perature, 38° C White blood count, 11,000 pj 

After parenteral fluids had been given, a celiotomy was performed by Dr 
Cole A large quantity of straw-colored fluid escaped from the abdomen The sma^ 
intestine was greatly dilated and filled with fluid An obstruction was located a ou 
six inches above the ileocecal valve It was obvious that an intussusception ha 0 
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curred at this point and that the ileum for a distance of about six inches was filled 
with intussuscepted ileum Reduction was impossible due to gangrene Accordingly the 
mesentery was divided and a resection performed, the ends of the bowel being brought 
out in double-barrel fashion A clamp was placed on the lower loop and a catheter 
in the upper loop The wound was closed and a blood transfusion given With the 
exception of a moderate amount of infection around the ileostomy wound, which readily 
cleared up, convalescence was uneventful The ileostomy was closed February 13, 1936 
The distal loop was too short for an end-to-end anastomosis and accordingly was closed 
and the proximal loop anastomosed to the cecum end-to-side Convalescence was un- 
eventful and the patient was discharged March 12, 1936 

Pathologic Examination — Gioss The material consisted of a piece of the terminal 
ileum Because of the gangrene present it was impossible to reduce the intussusception 
and still keep the gut intact By splitting the wall of the intestine, however, it was 
possible to see each of the layers and by doing this demonstrate that the intussusception 
contained three layers of intestine in the center of which was a Meckel’s diverticulum, 
the tip of which was quite swollen, there being considerable necrosis of the entire di- 
verticulum It is apparent from the appearance of this specimen that the diverticulum 
was the cause of the intussusception 

Mici oscopic — A section taken through the diverticulum showed tissue difficult to 
demonstrate because of necrosis The mucosa was completely destroyed as was the 
submucosa, only a small piece of the longitudinal muscle remaining There was infiltra- 
tion by pus cells The picture was that of intestinal strangulation 

(3) Gaiigiene of Meckel’s Diverticulum — The divei ticulum generally 
projects fiom the convex or antimesentei ic surface of the ileum It may or 
may not have a mesentery Where none exists the diverticulum is often 
found m close appi oximation to the intestine, receiving its blood supply fiom 
the intestinal wall Where a mesenteiy exists remnants of the omphalomesen- 
tenc vessels may at times be found As a rule the blood supply comes fiom 
the mesentery of the small intestine, passes over the ileum and spreads out 
m a capillaiy netwoik over the wall of the diverticulum It is quite possible 
at times that the blood supply may be insufficient for excessive demands In 
such instances the pathologic sequence is comparable to the changes taking 
place 111 acute obstiuction of the veimifoim appendix The lumen of the 
divei ticulum, including its onfice, is geneially laige, often appioachmg the 
diameter of the ileum from which it arises Foi this reason obstructive phe- 
nomena aie not as common as would be piesent in a stiuctuie where letention 
of fecal mate lal and the foimation of fecaliths is moie fiequent We do feel, 
howevei, that a localized obstiuction to the lumen of the divei ticulum can 
occur with distention and secondary vascular changes with gangrene We 
have observed one instance in which the process had become gangrenous and 
had separated fiom the ileum at its base just as is the case in acute appendicular 
obsti uction 

Case Report — J B, male, age 26, was admitted to the St Louis City Hospital, 
August 21, 1935, with the complaint of severe, acute abdominal pains localized over the 
lower abdomen, which had begun suddenly tw r o hours before admission There had 
been no previous attacks The pain had been followed shortly by nausea and vomiting 
Further questioning revealed that the patient had eaten a dinner of corn “roasting ears,” 
and about five hours later the pam began 
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Physical Examination revealed a well developed and well nourished young man 
moaning with pain and rolling about in bed lliere was a tendency for him to keep 
both knees fle\ed and hold his hands over the abdomen In general the objectne find 
mgs were negative except for those in the abdomen Hus was not distended and 
moved with respirations Tlieie was considerable tenderness just below and to the right 
of the umbilicus which was not associated with either rigidih or muscle guard There 
w»as rebound tenderness across the entire lower abdomen No masses were palpable 
Rectal examination revealed tenderness high on the light side but was otherwise negatne 
The temperature, pulse and respirations were normal, as were the blood and urine studies, 
except for a leukocjtosis of 15,000 

Opci at ton — The abdomen was opened through a lower right paramedian incision 
There was an escape of about 200 cc of clear fluid The entire terminal ileum and 
cecum were distended with whole grains of corn The appendix was slightly injected, 
long and extended towmrd the midlinc While obuoush not the cause of the sjmptoms, 
it w'as removed and the stump nnerted Further exploration showed a cjanotic Meckel’s 
diverticulum, which was markedly distended with corn The gross appearance was that 
of an early intestinal obstruction The dn erticulum was icitio\ed and the opening closed 
and inverted Comalcsccncc was une\entful 

Pathologic Examination — The mucosa of the dn erticulum resembled that of the 
ileum No ectopic tissue was seen The outstanding feature was the presence of ex- 
tensive venous congestion and submucosal hemorrhage, such as is seen in carl\ intestinal 
obstruction Upon section, the lumen of the appendix contained a few half grains of 
corn The vessels were shglith injected but microscopically the wall showed no eu- 
dence of necrosis or cellular infiltration 


We have obsetved evidence of sli angulation of the diveiticulum on four 
occasions In one of these the neciosis was so complete that no explanation 
of the origin was possible 

(4) Peptic Ulcn of Meckel's Divci hculuni — Ulcei of Meckel’s diverticu- 
lum associated with the piesence of ectopic gastnc mucosa has been noted 
only relatively recently Such glandulai tissue xvas hist descnbed around the 
umbilicus by Tillmanns, 14 in 1882 This was a pedunculated polyp that ex- 
tended out fiom the umbilicus of a boy, age 13 The tumoi secieted a fluid 
that would digest fibiin in an acid medium It w r as lemoved and microscopic 
examination revealed the piesence of tissue identical to that of the stomach 
mucosa Following this lepoit, otheis noting similar phenomena were puh 
lished While perforating ulcei s of the base of the diveiticulum were also 
being lepoited, exact identification of the piesence of gastnc mucosa m a 
diveiticulum was not appaient until Salzei, 1 "’ m 1904, descnbed the piolapse 
of a Meckel’s diverticulum, containing gastric mucosa, thiough the umbilicus 
The association between the gastnc mucosa and the peifoiatmg ulcei was 
made by Schaetz, 10 m 1925, who showed the maiked sinulanty between peptic 
ulcers of the stomach and duodenum and those penetrating ulcei s often seen 
associated with a Meckel’s diveiticulum He showed the piesence of gastnc 
epithelium 111 five out of 30 patients, and explained the fiequent occuirence 
of intestinal hemonhage before the perforation as being due to such ulceration 
In the few years since then numeious othei lepoits have followed until a 
very well defined clinical and pathologic picture is now recognized ie 
circumsci ibed punched out ulcei is geneially seen at the junction of the gastri 
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mucosa with that of the ileum, although this is not alwa)s the case (Fig 5) 
Not only has the presence of such an ulcer been explained as due to the 
pouring of acid gastric secietion ovei the ileal mucosa, but also has been 
used as evidence of the peptic genesis of gastric and duodenal ulceis by Lindau 
and Wulff 17 Diagstedt, 18 111 discussing this pathogenesis of diveiticular ulcers, 
draws attention to the fact that it likewise offei s fuither pi oof of the humoial 
mechanism governing gastric secietion as maintained by Ivy and Farrell 19 
The outstanding single symptom that distinguishes this lesion is bleeding 
from the rectum In the vast majority of cases it has occuned in children 
It can be distinguished fiom the hemorrhage 111 those relatively rare cases of 
bleeding peptic ulceis of the duodenum in children by the fact that the blood 
is geneially moie piofuse and is also red It is likewise not mixed with the 







Fig s — P hotograph of the gross specimen showing a 
perforating peptic ulcer of Meckel’s diverticulum The ulcer 
ation can be seen at the junction of gastric and ileal mucous 
membrane 

stool, as is the case in duodenal ulceis and intussusception Such hemorrhage 
is occasionally seen m patients with lectal polyps but such a lesion can be 
1 uled out by proctoscopic examination Pain may or may not be present Un- 
less the ulcer is beginning to peifoiate it is not unusual to find no associated 
abdominal findings These hemonhages may be recuirent and appear at in- 
tervals, months befoie perforation, and may lesult 111 a severe secondary 
anemia In 66 collected cases of peptic ulcers of Meckel’s diverticulum, 
Schullingei and Stout found that hemorrhage had been mentioned as being 
piesent in 51, 01 75 per cent So characteristic is this hemorrhage that Abt 
and Stiauss 20 have opeiated upon tluee such patients before perforation, and 
lemoved a diverticulum in each case that contained an ulcer associated with 
ectopic gastnc mucosa 

When perfoi ation occurs, the signs and symptoms are those associated with 
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any sudden, massive soiling of the peritoneal cavity namely, pain, nausea, 
vomiting and abdominal ngidity and tenderness Certainly the piesence of 
such an acute abdominal catastiophe with a histoiy of rectal hemoirhages 
should usually make the diagnosis appaicnt 


Case Report — L O, white, male, age 10, was admitted to the St Louis Children’s 
Hospital, February 12, 1934, with the complaint of blood in the stools At the age of 
four, preceding an attack of measles, the child had fainted for no apparent cause Since 
then he had had four such attacks, the last the day before admission He would becom* 
unconscious, fall to the floor with arms and legs drawn up and after a few' minutes 
wmuld appear normal again He had occasional attacks of nose bleed The day before 
admission the boy passed a large cjuantit\ of dark blood in his stool and shortly after- 
ward fainted A similar stool was passed on the day of admission but was not asso 
ciated with fainting During the past six or eight months he had complained of vague 
pains about the navel that came and went and which were not associated with nausea 
and vomiting 

Physical Examination was negative with the exception of several bruises on his 
legs, enlarged tonsils and a moderate anemia Erythrocytes, 3,440,000, hemoglobin, 70 
per cent Proctoscopic examination showed no cause for the bleeding A gastro 
intestinal roentgenologic examination revealed a pathologic appendix, due to the presence 
of fecaliths Platelet count, clotting and bleeding tune, normal There was no further 
evidence of blood in the stools, other than the mother’s statement, and after observation 
the child was dischaiged February 19, 1934 

He was readmitted to the hospital, March 3 1934, with the history that he had 
been weak and listless since lus discharge The dav before Ins second admission bright 
red blood had been noted 111 two stools He had fainted twice There had been no 
pain, nausea, or vomiting On the day of admission he had passed bright blood in two 
stools and dark blood 111 the last He had fainted on two occasions At this time the 


red blood count was 2,000,000 and the hemoglobin 60 per cent, white blood count, 17,000 
He was given a blood transfusion Again there was no evidence of bleeding from the 
rectum upon examination of the stool and further proctoscopic examination was negative 
On March 10, 1934, he complained of pain in the right lower quadrant which was 
associated with tenderness and muscle guard, which subsided quickly An enema given 


at this time showed no blood in the return 

Opeiation — (Dr Peter Heinbecker) The abdomen was opened through a righ 
rectus incision, and a moderate amount of thin, turbid, odorless yellow fluid escape 
About 18 inches fiom the ileocecal junction a Meckel’s diverticulum, about two mcie 
long, was found with a perforation at its base at the junction with the ileum The tip 
was buried in the mesentery, and there was a fresh deposit of fibrin on the bovvc in 
this region The diverticulum was excised, and because of the edema of the bowe 
wall, a catheter inserted The wound was closed with no further drainage The P os 
operative course was uneventful The ileostomy tube was removed several dajs a e 
and the patient discharged two weeks after the operation 

Mtci oscoptc Examination of the diverticulum showed characteristic gastric mucos 
except at the base where there was a perforating ulcer containing a considerable amou 
of old fibrous tissue, indicating that it had probably been present for some time 


Discussion — Table I shows some of the features of the 20 cases of lesions 
associated with a Meckel’s diverticulum that have produced acute abdomma 
conditions Such a series is too small to warrant any statistical analysis e 
cause of the obvious peicentage of eiroi that would arise as a result of coinci 
dence Certain featuies, howevei, are in accord with other leports k a e. 
predominate markedly Almost one-half of the cases are in children, age 10 or 
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Table I 


Name 

Age 

Sex Group Gross Appearance 

Microscopic 

Appearance 

Result 

M L 

14 

F 

1 

Edema and cyanosis of di- 
verticulum 

Catarrhal inflam- 
mation with ero- 
sion of epithe- 
lium 

Recovery 

L G 

23 

M 

1 

Regional ileitis extending 
from diverticulum to 

cecum 

Lymphoid inva- 
sion Edema of 
entire wall 

Recovery 

C S 

54 

M 

1 

Perforated ulcer with asso- 
ciated peritonitis 

Perforating ulcer 
of diverticulum 
with no asso- 
ciated ec opic 
tissue 

Death 

B L 

18 

F 

1 

Perforating u'cer of tip of di 
verticulum with adhesions 
to intestine 

Perforating ulcer 
of diverticulum 
with no asso- 
ciated ectopic 
tissue 

Recovery 

M B 

ii 

F 

2 

Intussuscepi "in of lower 
ileum begin n g with di- 
verticulum 

Necrosis 

Recovery 

A H 

4 

M 

2 

Obstruction at site of previ- 
vious removal oJ Meckel’s 
diverticulum 


Recovery 

H C 

6 mos 

M 

2 and Intestinal obstruction due to 

3 persistent omphalomes- 

enteric vessels with gan- 
grene of diverticulum 

Gangrene of di- 
verticulum 

Recovery 

S L 

50 

F 

3 

Beginning strangulation of 
diverticulum m ventral 
hernia 

Early strangula- 
tion 

Recovery 

L K 

8 

F 

3 

Gangrene of diverticulum 
with perforation and ab- 
scess formation 

Necrosis 

Recovery 

B C 

ii mos 

F 

3 

Necrosis of diverticulum 
with peritonitis 

Necrosis 

? 

J B 

26 

M 

3 

Distention of diverticulum 
with com, with edema 
and cyanosis 

Early gangrene of 
entire wall of 
diverticulum 

Recovery 

W R 

2K mos 

M 

4 

No history of rectal bleed- 
ing Perforating ulcer at 
base of diverticulum with 
peritonitis 

Ectopic gastric 
and pancreatic 
tissue 

Death 

K W 

6 mos 

M 

4 

History of rectal bleeding 
Perforating ulcer at base of 
diverticulum with perito- 
nitis 

Ectopic gastric 
mucosa 

Recovery 
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Table 1 {Continued) 


Name 

Age 

Se\ Group 

> Gross Appearance 

Microscopic 

Appearance 

Result 

A H 

6 

F 

4 

No history of rectal bleed- 
ing Perforating ulcer at 
middle of diverticulum at 
edge of gastric mucosa 

Ectopic gastric 
mucosa 

Recovery 

L 0 

10 

M 

4 

History of rectal bleeding 
Perforated peptic ulcer at 
base of diverticulum 

Ectopic gastric 
mucosa 

Recovery 

S F 

2 days 

F 

4? 

Massive rectal hemorrhoid 
shortly after birth with di- 
verticulum and intestine 
distally filled with blood 

? 

Death 

W B 

11 

M 

4 

No history of rectal bleed- 
ing Perforated ulcer at 
base of diverticulum with 
peritonitis 

Ectopic gastric 
mucosa 

Recovery 

E H 

14 

M 

4 

Rectal bleeding Acutely in- 
flamed diverticulum No 
gross ulcer 

Ectopic gastric 

mucosa 

Recovery 

J E 

19 

M 

4 

No history of rectal bleed- 
ing Acutely inflamed di- 
verticulum with no area of 
perforation No gross ulcer 

Ectopic gastric 
and duodenal 

mucosa 

Recovery 


undei Appi oximately one-half of the cases are associated with obstiuction 
of the diverticulum itself or obstiuction of adjacent loops of intestine This 
is interesting m view of the fact that Gnffith,- 1 m desciibmg vanous types 
of diveiticuhtis quotes Halsted 22 as stating that m a senes of 991 cases of 
intestinal obstruction he found that 6 pei cent wei e due to the presence of a 
Meckel’s diverticulum 

Two of oui cases lllustiate the appaient ease with which the blood supply 
to a diveiticulum may become jeopaidized In one (IT C ) persistent 0111- 
phalomesentenc vessels extended m a coid-hke fashion fiom the end of a 
diverticulum to become attached m the mesenteiy of an adjacent loop of 
ileum A loop of bowel slipping undei this coul had become completely 
obstructed Tbe blood supply to this bowel, liowevei , was still adequate while 
that of the diveiticulum had been completely cut oft and gangrene had supei- 
vened Appaiently the blood supply to the diveiticulum could not stand as 
much interference as could that of the noimal gut In the other case (S L ), 
that of an incaiceiated ventral hernia in the sac of which ileum was piesent 
containing a Meckel’s diverticulum, theie was evidence of eaily strangulation 
of the diveiticulum while the remamdei of the bowel showed no evidence of 
circulatory change 

In view of the lelative mfiequency of disease of Meckel’s diveiticulum and 
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the appaient frequency of the occuuence of the stiuctuie, obviously the vast 
majonty pioduce no symptoms The lumen is laige and the musculatuie is 
well developed, so that emptying appaiently occuis quite satisfactoi lly For 
this leason judgment must be used as to whethei or not the diverticulum 
should be lemoved when it is encounteied accidentally while opeiating fot 
some othei condition Case A H lllustiates this fact This foui yeai old 
boy had been operated upon foi acute appendicitis a year pieviously A 
diveiticulum was piesent in the opeiative field and although the appendix had 
peifoiated, the diverticulum was lemoved at the same time He developed 
signs of acute intestinal obstiuction a yeai later and at opeiation the obstiuc- 
tion was found to be due to a band of adhesion which had its origin at the 
site of the diverticulum 

In this senes theie weie seven cases of ulceiation due to the piesence of 
ectopic gastnc mucosa (Fig 6) In thiee of these theie was no history of 


Fic 6 Fig 7 



Fig 6 — Photomicrograph showing normal gastric mucosa found adjacent to the ulcer seen in Figure 5 
Fig 7 — Photomicrograph showing both gastnc and duodenal glands While this patient ga\c a 
history of both recurrent rectal hemorrhage and pain, no endence of ulceration was seen in the gross 
specimen The mucosa was hjpertroplnc 


hemoirhage All but one had perfoiated at the time of opeiation Six le- 
coveied It is intei estmg that many of these ulcers occui relatively late m 
childhood If the piesence of an acid secretion alone is sufficient to produce 
ulceiation, one would expect that this would be pi edominantly a disease of 
infancy It is quite possible that the presence of local tiauma also pla}'s a pai t 
In one of oui cases duodenal mucosa was also piesent along with the gastric 
glands (Fig 7) The hypeiplasia of this tissue was quite marked, almost 
filling the lumen and giving an adenomatous appearance Although the pa- 
tient gave a histoiy of intestinal hemorihages foi seveial yeais we weie unable 
to demonstiate the point of ulceiation The appeal ance boie a striking re- 
semblance to the case lepoited by Schullmger and Stout In then quite com- 
plete review of the liteiature the}'' weie unable to find another lepoited example 
of gastnc and duodenal gland adenoma 

Anothei of oui cases piesented a nodule of panel eatic tissue 111 the vail of 
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the clivei ticulum along with associated gastnc mucosa (Figs 8 and 9) The 
pancreatic tissue was appaiently noimal in eveiy lespect and had not seem- 
ingly entered into the ulceiative piocess Islets were present, as one would 
expect, due to the common origin of islet and acinar tissue The presence 
of abeuant panel eatic tissue 111 a Meckel’s diverticulum has been recognized 
foi many yeai s, 23 yet its occui 1 ence is exti emely 1 ai e In a recent review of 
tbe subject Hunt and Bonesteel 24 -were able to find only 13 recorded cases 
To this they have added one of their own The above case, therefore, would 
make the total 15 

Adecjuate explanation of the presence of heteiotopic gastric mucosa m the 
diverticulum, as is tiue with other ectopic tissue, is not easily obtained De- 
tachment of the vitelline duct has generally occui led by the time the 7 Mm 
stage is reached in the embryo, although this is not always constant as its 
piesence has been noted in embryos of a later stage (12 4 Mm and 13 6 Mm ) 


Tic 8 Tic 9 



Fig 8 — Photomicrograph of a longitudinal section through 1 Mechel’s dncrticulum showing Ea str ' 
glands in the mucosa associated with a nodule of pancreatic tissue attached to the wall This patieni 
had a perforating ulcer at the junction of the dnerticulum and ileum (low power) 

Fig 9 — More highly magnified photomicrograph of an area of Figure 8 showing the close prosim i> 
of the pancreatic tissue to the wall of the gut 

It would seem, therefoie, that by the time this age is leached m the embryo 
any persistent pouch from the vitelline duct would be alieady formed Cer- 
tainly this occurs consideiably eaihei than the gastric glands become dif- 
ferentiated 111 the stomach As a geneial uile eosinophilic and parietal cells 
have not become differentiated from each other until the 120 Mm stage (Kei- 
bel and Mall) The theoiy that this tissue anses from dislocated or misplaced 
gastnc or other adventitious cells would, therefoie, seem to be untenable 
The other conception that has been advanced is faulty differentiation by the 
pi lnutive endoderm While this has been the preferred explanation of most 
obseivers the exact leason foi this faulty differentiation has resulted in no 
unanimity of opinion At the present time it is not subject to experimental 
pi oof 

Mammalian cellulai differentiation is pooily understood in many of its 
aspects While m times past it has been simple to explam the presence of 
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ectopic tissue by assuming the dislocation of pi edetei mined cells, adequate 
proof of either the dislocation or the pi edetermmation has not been easy The 
conception of an “organizer” substance as advanced by Spemann 2 * 5 has been 
developed considerably during the past decade and has much to offei m the 
explanation of such phenomena While more of the earlier work 26 was con- 
cerned with symmetry and foim, moie recently much of it has had to do with 
functional cellular change and local orgamzei effects Apparently this de- 
terminism is progiessive Various fields may influence each othei An ex- 
ample may be seen in the relationship between the buccal ectoderm and endo- 
denn in tooth foimation Stroer 27 has lecently shown that teeth aie foimed 
from the buccal ectodeun However, this ectodeim is dependent upon the 
buccal endoderm that lies directly beneath it for its power If this endodeun 
be lemoved the ectodeim develops into epideinus Besides spatial effects on 
cellular differentiation, physical and chemical action may play no small pait 
When this complex anangement is considered, it does not appeal le- 
markable that a persistent ludiment such as a Meckel’s diverticulum should 
show the piesence of other tissues of the gastro-mtestmal tiact than that of the 
ileum The exact mechanism of the appearance of this tissue, howevei, will 
not be evident until detailed cellulai differentiation in tbe mammalian gastio- 
mtestinal tract is better understood 

CONCLUSIONS 

(1) Nineteen cases of various aspects of acute abdominal lesions associated 
with Meckel’s divei ticuluin are leported 

(2) These cases are divided into four distinct gioups, each of which is 
discussed m detail 

(3) The mechanism of the occurrence of ectopic tissue m the W'all of a 
Meckel’s diverticulum is discussed briefly 
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TRAUMATIC RUPTURE OF THE BILE DUCTS 

Kenneth M Lewis, M D 
New York, N Y 

Rupture of the bile ducts is an interesting and rare complication of trau- 
matism of the right upper quadrant of the abdomen Rudberg, 1 in 1921, 
lewewed the subject and collected 41 cases Ganett, 2 m 1900, reported a 
case, and Walter Spencer, 3 in 1898, also cited an instance Since 1921, we 
have been able to find only six additional cases repoited (Long, 4 Andeison, 3 
Just, 0 Leclerc, 7 Wallace and Spiro, 8 and Edmgton 9 ) These six cases with 
the 41 collected, in 1921, by Rudbeig, bring the total number of cases 111 the 
literature, to date, to 47 

Etiology — The cause of ruptuie of the bile ducts is practically ahvays a 
crushing trauma to the right upper quadiant of the abdomen in the region of 
the costal margin Why the hepatic or common bile duct should be torn 
watliout any associated laceration in the liver, as is the situation 111 most of 
the cases reported, is difficult to understand The explanation that seems 
logical is that the force is applied in such a dnection as to crush the ducts 
between the liver and the bodies of the veitebiae at that level The absence 
of fractuies of the libs or of injury to am of the hollow r viscera in the 
abdomen is difficult to explain In the case herewith reported, the tiauma 
consisted of the patient’s being crushed between tw r o automobiles, and this 
cause was also noted in the case reported by Long 

Clinical Findings — In most of the case histories leviewed, it has been 
noted that the patients were in rather profound shock at first, and complained 
of seveie pam 111 the region of the liver The shock w^as usually of rathei 
short duiation, and was recovered from within a few r hours At the end 
of from one to ten days, considerable mciease in the size of the abdomen 
w r as noted, which 111 all cases w r as found to be due to fluid Associated wath 
this fluid accumulation in the abdomen, the patients de\ eloped increasing 
jaundice, clay-coloied stools, bile m the urine, and 111 most instances a gradu- 
ally rising tempeiatuie with a progiessne toxemia They usually appeared 
cntically ill, and complained of profound exhaustion, wduch had rapid!} 111- 
ci eased in degree 

In our own case, we were somewdiat confused by signs of consolidation 
at the base of the light lung, wduch developed 24 hours after the injury 
Pneumonia has not been a fiequent complication, and the diagnosis of ruptui e 
of the biliary ducts should leadily be made if the cardinal signs of lapidh 
increasing fluid in the abdomen, jaundice and clay-coloied stools are borne 
in mind There can be no othei inti a-abdonunal condition which can simu- 
late these findings, but if a question of differential diagnosis does anse 
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paiacentesis will yield laige quantities of pure bile fiom the peritoneal cavity 
Fortunately, the bile lemams uninfected, and whcieas all of the abdominal 
organs become deeply bile stained, the finding of a real suppuiative peritonitis 
has so fai not been repotted 

Tiecitment — Exploiatoiy celiotomy is, of couise, primanly indicated, 
pieferably tlnough a light, uppei lectus muscle-splitting incision Upon 
opening the pentoneum, theie is an escape of laige quantities of pure bile 
fiom the pentoneal cavity, se\cn quaits being aspnated tlnough the abdominal 
incision in our case 

Exploiation of the light uppei quachant will show r the teai if it is situ- 
ated in the common 01 cystic ducts, but if in the hepatic duct, it frequently 
cannot be seen The diagnosis in such a case may be made by the constant 
stieam of bile which may be seen pouring down fiom the legion of the hepatic 
duct, high up undei the liver In most of the cases opeiated upon, the pi unary 
tieatment has usually been consei \ative, as the patients are usually pro- 
foundly ill and cannot withstand any extensive suigety Simple drainage by 
means of a cigaiette chain down to the site of the tear is to be recommended, 
without any attempt at sutuic lepair, even in those cases where the tear is 
visible Repan of a uiptuie of the hepatic duct is usually technically im- 
possible clue to its inaccessibility Closuie of the abdominal wound m layers, 
followed by adequate postopei ative suppoitive measuies, paiticulaily the ad- 
mmistiation of huge amounts of fluid, both by vein and hypodermoclysis, is 
indicated If the patient has been opeiated upon befoie the toxemia has be- 
come too profound, lecoveiy fiom the immediate condition usually ensues 
Theie is a drainage of bile fiom the abdominal wound foi a period vaiymg 
fiom seveial weeks to seveial months At the end of this time the teai m 
the bile duct usually heals spontaneously and the biliary fistula closes A 
stenosis of the duct at the site of the teai may occui, wduch complication 
unfoi tunately occui red in oui case If the original teai and the subsequent 
stenosis are m the common duct, secondaiy operation with a cholecysto- 01 
choledochoduodenostomy 01 a cholecysto- or choledochogasti ostomy may be 
peifoimed, but if the teat is situated high up m the hepatic duct, the relief 
of the ensuing jaundice due to the stenosis is a most difficult problem 

Case Report — F S , male, age 49, ti uckman by occupation, was admitted to the 
Fourth Surgical Division of Bellevue Hospital, Julj 30, 1931, with a history of having 
been crushed between two trucks shortly before admission The trauma involved t 
right upper quadrant of the abdomen m the region of the costal margin When rs 
seen by the ambulance surgeon, the patient was in moderate shock, which had, howeier, 
subsided by the time he was admitted to the hospital, although considerable P ain " 
the region of the right costal margin was complained of He refused to stay 111 * 1 
hospital, and as immediate examination revealed no apparent serious injury, he "< 
allowed to go home with the right side of the chest strapped with adhesive P as ^ c 
On August 1, 1931, two days later, the patient returned to the hospital, complaining 
that there had been a progressive increase in the pain in the right upper quadrant 
the abdomen He had developed a cough, vomited once, and his temperature was l°i 
He appeared acutely ill, was quite weak, and was in a profuse perspiration 
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Physical Examination revealed a distended abdomen, with maiked tenderness and 
rigiditv in the right upper quadrant Examination of the lungs disclosed dulness, 
bronchial breathing, and showeis of fine crepitant rales at the right base A diagnosis 
of light lovvei lobai pneumonia was made The patient’s temperature ranged between 
ioi° and 104° l 7 , pulse ioo to 130 T he distention of the abdomen grew progressive^ 
more maiked each da} which was thought at fust to be the icsult of a paialjtic ileus, 
consequent to the pneumonia On the fouith daj it was noted that there was a large 
amount of fluid 111 the abdomen At this time the patient also first began to become 
jaundiced, and bile was found 111 the urine 1 went} -four hours later, or seven days 
after the nijurv, the jaundice had become vciy marked, the stools were clay-colored, 
the abdominal distention had increased tremendouslv , and the urine showed laige quan- 
tities of bile llierc was persistent localized tenderness over the light upper quadrant 
of the abdomen, and the pneumonia in the right chest showed signs of resolution 
Diagnosis of rupture of one of the bile ducts was made 

Opciation — August 9 1931 11 davs after the injur} The abdomen was opened 

through a right upper rectus incision and was found to contain an enormous amount 
of free bile About five quarts were aspirated, and it was estimated that another two 
quarts were lost 111 spillage All the abdominal contents weie deeply bile-stained Ex- 
ploration showed no tear in the liver, gallbladder cvstic or common ducts A constant 
stream of bile was seen to be seeping fiom the region of one of the hepatic ducts, but 
the actual tear m the duct could not be identified In view of the patient’s pool con- 
dition, further exploration was deemed inadvisable A cigarette diain was inserted into 
Morrison’s pouch, and the wound closed in laveis 

Postopuativc Cow sc — Convalescence was somewhat stornn for the first few days 
There was a profuse drainage of bile fiom the wound, which continued unabated for 
about ten davs The jaundice gradually disappeared, but the stools continued to be clay- 
colored The bile gradual!} disappeared from the urine On Septcmbei 4, 1931, 27 
davs after the operation, the patient was discharged, with a small sinus still draining 
bile and with the stools still clav -colored, but with the other svmptoms having disap- 
peared One month later the sums had healed, the discharge of bile had ceased, and 
normal color had returned to the stools In November, 1931, two months later, the 
patient was again admitted to the hospital with a lustorv that during the preceding 
month, he had become graduallv more and more jaundiced and that the stools had 
again become verv light in color Ictenc index at this time was 35, the urine showed 
a large amount of bile It was felt at this time that the patient’s original injury had 
been a laceration of the common hepatic duct, that the laceration had spontaneouslv 
healed, and that, unfortunatclv , the scai tissue healing had contracted down with a 
resulting stenosis The patient was kept under observation 111 the hospital for one 
month, during which time repeated biharv drainages would produce a temporary flow 
of bile into the duodenum but at no time did the jaundice entirclv disappear Further 
exploration of the abdomen was decided upon m an attempt to relieve the stenosis 

Second Opciation — Januarv ifi, 1932 A right upper rectus incision was made, ex- 
cising the original scar The gallbladder duodenum, stomach and transverse colon 
were found matted togethei bv extremely firm, dense adhesions These were separated 
bj both blunt and sharp dissection with great difficult} The common bile duct was 
finally exposed, and was followed upwards be}ond its junction with the cystic duct, into 
the sulcus in the liver Scar tissue could then be felt in the common hepatic duct, 
high up under the liver, but it was impossible to expose the stnctuie so that it could 
be seen In view of its maccessibiht} , and the fact that any reconstruction opeiation 
would not be feasible, it was decided that it would be unwise to proceed furthei The 
wound was closed in layers with a cigarette drain left in, 111 case there was any oozing 
which might take place from the raw surfaces 

Poslopci atwc Cowsc — Five days postoperative, a duodenal fistula developed piob- 
ably as a result of necrosis where a ligature had been applied to the anterior duodenal 
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wall to conti ol bleeding fiom m adhesion 11ns condition proved to be quite stubborn, 
but ultimately healed after a petiod of fne weeks’ continuous suction of the fistulous 
tiact The jaundice spontaneously subsided, and it had entirely disappeared by April, 
1932 As a result of the infection of the wound fiom the duodenal fistula, a ventral 
hernia developed, which w r as icpaircd in Mav, 1933 

Follozv-Up — The patient has now been kept under observation for a period of over 
six yeais Duodenal drainages aic instituted once or twice a week, and if these are 
persisted in, the patient remains quite comfoi table 1 here is always a residual jaundice 
which becomes intensified if the biliaij drainages are allowed to lapse Normal color 
icturned to the stools shortly aftei the second opciation The biliary drainages always 
ptoducc a good quantity of golden-yellow bile, but no concentrated green bile is ever found 
About once every si\ months the patient has an attack of severe pain in the rignt 
upper quadrant of the abdomen, associated with a sudden increase 111 the intensity of 
the jaundice and a lightening 111 the color of the stools There is usually a rise m 
temperature to 102° 01 103° F lliese attacks are relieved bv lnpodermics of mor- 
phine sulphate grams one-quarter, plus an icecap to the gallbladder region, followed 
shortly' thereafter by' duodenal drainage One would assume that 011 these occasions the 
bile mav become somewhat inspissated at the site of the stricture, causing a sudden 
complete obstruction with back picssure on the hepatic radicals 111 the liver The attacks 
aie alway's over within a chav or two and do not recur with any gicat frequenev 

Furthci exploration of the abdomen 111 this case has been considered, but 111 MC" 
of the experience at the second operation at which the adhesions were found to be so 
dense and extensive, and because of the inaccessibility of the site of the stricture, to 
gether with the fact that the patient gets along fairlv comfortably with the use of the 
biliaiy' diainagc twice a week, it has been decided to treat the case conservatively 


Com must — 111 the case repotted by I one 4 the patient a white woman age 40 was crushed between 
two automobiles, the right upper thdomen and the right lower chest receiving the brunt of the trauma 
She was unconscious at the time of injury, hut shortly thereafter rallied and remained in comparative 
comfort for fne or si\ days b\ winch time she had become jaundiced, the abdomen had become jirogrcs 
sively enlarged, the patient was aery weak, the urine contained lnle, and the feces were claycoore 
Paracentesis recovered 1,500 cc of thin bile After several davs’ observation the patient was opera e 
upon, at which time more than a gallon of lnle was found in the abdomen, and a wound of the ie P a ^ 
duct near its junction with the liver was identified A drainage tube was inserted down to the site 0 
the rupture and the gallbladdei w as also drained One month after operation the drainage of hi e rom 
the wound had ceased, the jaundice had disappeared, and the stools were norm il m color - 1C " 
discliaiged six weeks postopei atively since which time she has remained entirely well 

Wallace and Spiro 8 report the case of a n ale, age 47 who was crushed between two automo 1^ 
suffering trauma to the right costal region When first seen he was in profound shock and comp am^ 
of pain in the right hypochondriac region On examination, there was external tenderness over 
gallbladder area and the right upper rectus muscle showed marked rigidity Liver dulness was 
A tentative diagnosis of “rupture of the liver” was made The shock was treated and the pa 
rallied within a few hours Twenty four hours after admission it was noted that he was * 
jaundiced, and this became progressively more maikcd from day to day Two days after a m 'j ense 
bile was found 111 the urine During the following 48 horns, the jaundice had become very 11 e( j 

stools clay colored, and the urine was deeply stained with bile Nine days after admission it " as 
that the abdomen showed some general distention which was recognized as being due to an accnm 
of fluid By this time the patient’s general condition was much worse, jmlse rapid tongue r | 
coated, and he was growing rapidly very much weaker Eleven davs after the injury tie 
abdomen was opened through an upjier midhne incision and about three pints of bile were e ■ 
f rom the peritoneal cavity At this point in the operation, the patient suddenly stopped breat mg^ 
all means of artificial lespiration were of no avail An autopsy showed several small tears 
anterior surface of the liver, all of which were healing There was a large rent in the anterior > ^ ^ 
the lesser omentum near the attachment of the transverse fissure and, by careful dissection, a ^ es 
the hepatic duct, which would admit the blunt end of an ordinal y lead pencil was found le ^ ^ 
of the hepatic duct were everted and theie was some organization of the surrounding 0 ^ 

Unfortunately there was no note made of the condition of the heart muscle, which would have ^ 

considerable interest as it has frequently been claimed that profound jaundice causes some 
of myocarditis ^ 

Edmgton® reports the case of a male, age 24, who on September 16 193L was struck ’’’ ' w htch 

upper quadrant of the abdomen by another man’s head The patient suffered a profound s oc 
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subsided rapidla within the course of a few daas Jiundicc aaas notdj shortlj theieafter, together with 
inm m the low ci abdomen The jaundice graduallj faded dunng the ensuing three weeks and the 
pain became much less lie icturncd to Ins occupation hut found he was unable to work full time 
because of cxtieme weakness and lassitude, and at the end of the third aveek, it was noted that Ins 
abdomen was growing progiessnch larger His stools b> tins time had become clay colored On the 
fourth das after lesunung work which was about tlnee and one half weeks after the accident, he felt i 
sudden snap as though something had gi\cn aaaj in the epigastrium Front this time on, the enlarge 
incut of the abdomen progressed acn. rapidh At examination, after this episode, the patient was found 
to he jaundiced the abdomen was distended hut the flanks wcic tjmpaiutic A fluctuant mass could he 
felt in the epigastrium The di ignosis of “collection of fluid m the lesser sac” was made Operation on 
October is 1931 ° nc month after the injure, disclosed a large collection of fluid walled off behind the 
omentum prohahh in the lessor sac This cast like collection contained a large amount of dark 
greenish bile stained fluid The edges of the cast as all aaere niarsupialircd to the skin and the aaound 
packed aaitli iodoform gauze \ profti«c and persistent discharge of lnle folloaaed the operation The 
gauze pack aaas rcinoaed on the fifth daa and the aaound alloaacd to contract doaan to a fistula Thirty 
three daas after the operation bile aaas still discharging, and it aaas decided that a rupture of one of the 
bile ducts had occurred The patient aaas rcaperated upon and the fistulous tiact, aaluch led doaan to the 
region of the common duct aaas dissected free and anastomosed to the anterior surface of the stomach 
The aaound healed ha prinnra union and from that time on the patient made an unea entful recover} 
He aaas seen for the folloaaing nine months, during aaluch time there aaas no recurrence of the sjmptoms 
and no eaidcncc of stricture foi illation 

These lepoits could be continued, but they piactically all show the same 
picture The mjui) is alwa\s caused by ciushing tiauma to the light uppei 
abdomen and the right lowei chest The patients are always m a maiked 
degree of shock immediateh aftei the accident, which, however, spontaneously 
subsides within a few houis and is followed by a penod of lelative fieedom 
from sjmptoms except for localized pain foi seteial dajs Jaundice is usualh 
the first secondan sign to appeal, and is noted usually within the fiist three 
days Bile in the uune also appeals at about this tune Within the next 
week the stools ha\e usually become claj-coloied and theie is a piogiessive 
and marked inciease in the size of the abdomen, w’lnch on physical examina- 
tion is found to be caused In an accumulation of fluid By the end of the 
fiist w r eek 01 ten dajs, the patient shows piogiessne loss of stiength with 
a rapidh using pulse, marked exhaustion and a model ate elevation of tem- 
peratuie This pictuie, once seen, cannot be foi gotten, and is pathognomonic 
of a laceiation of one of the bile ducts If theie is any doubt, a paiacentesis 
wall disclose fiee bile piesent in the pentoneal cavity 

Treatment should consist of eaily celiotomy, befoie the patient has be- 
come too weak , evacuation of the bile, and simple diamage dowm to the site 
of the laceiated bile duct Piactically all of these laceiations heal spontane- 
ously without necessity for lepan, and in only a few instances have permanent 
sti ictui es developed 
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wall to conti ol bleeding from an adhesion Tins condition ]>ro\cd to be quite stubborn, 
but ultimately healed after a peuod of five weeks’ continuous suction of the fistulous 
tiact The jaundice spontaneously subsided, and it had entirely disappeared by April, 
1932 As a result of the infection of the wound fioni the duodenal fistula, a ventral 
henna developed, which was lepaired in Mav, 19-43 

Follon-Up — The patient has now been kept undci obscivation for a period of over 
six years Duodenal drainages aie instituted once 01 twice a week, and if these arc 
persisted in, the patient remains quite comfoi table There is ai\\a\s a lesidual jaundice 
which becomes intensified if the biliaiy drainages are allowed to lapse Normal color 
leturned to the stools shortly after the second operation The biliary drainages alwajs 
produce a good quantity of golden-\ ellow' bile, but no concentrated green bile is e\er found 

About once cveiy six months the patient has an attack of see ere pain in the right 
upper quadiant of the abdomen, associated with a sudden increase in the intensity of 
the jaundice and a lightening in the color of the stools There is usually a rise in 
tempeiature to 102° 01 103° F These attacks are relieved be hypodermics of mor- 
phine sulphate grains one-quarter, plus an icecap to the gallbladder region, folloeeed 
shortly thereafter by duodenal drainage One eeould assume that on these occasions the 
bile mae become someevhat inspissated at the site of the stricture, causing a sudden 
complete obstruction with back pressure on the hepatic radicals 111 the lner The attacks 
are ahvays ovei within a dav or two and do not recur with am gieat frequency 

Further exploration of the abdomen in tins case lias been considered, but 111 \ic\v 
of the experience at the second operation at vvlucli the adhesions were found to be so 
dense and extensive, and because of the inaccessibility of the site of the stricture, to- 
gether with the fact that the patient gets along fairh comfortably with the use of the 
biliary drainage twice a week, it has been decided to treat the case conscr\ativeh 

CoMiirsT — In the case repented by I oiik,- 1 the patient a white woman, age 40 was crushed between 
two automobiles, the right upper abdomen and the right lower chest rcceiMiig the brunt of the trauma 
She was unconscious at the time of injury, but shortly thereafter rallied and remained in comparative 
comfort for five or six days by which time she had become jaundiced, the abdomen had become progres 
siaely enlarged, the patient was aery weak, the urine contained bile, and the feces were claa colored 
Paracentesis recovered 4500 cc of tlun bile After seaeral days obscraation the patient aaas operated 
upon at aahich time more than a gallon of bile aa is found in the abdomen and a wound of the hepatic 
duct near its junction aaith the liver w is identified A drainage tube was inserted down to the site of 
the rupture and the gallbladder avas also drained One month after operation the drainage of bile from 
the wound had ceased, the jaundice had disajipeared , and the stools were norm d 111 color She was 
discharged six aveeks postoperatiaela since which time she has remained entirely avcll 

Wallace and Spiro 8 report the case of a male age 47 who aaas crushed between two automobiles 
suffering trauma to the right costal region When first seen he was in profound shock and complained 
of pain in the right hypochondriac region On examination there avas external tenderness over ,he 
gallbladder area, and the right upper lectus muscle showed marked rigidity Liver dulness avas normal 
A tentative diagnosis of “rupture of the liver” avas made The shock was treated and the patient 
rallied within a few hours Twenty foui hours aftei admission it was noted that he was slightly 
jaundiced, and this became progressively more marked fiom dav to day Two days after admission, 
bile was found in the urine During the following 4S hours the jaundice had become aery intense 
stools clay colored, and the urine was deeply stained with bile Nine days after admission it was noted 
that the abdomen showed some general distention which avas recognized as being due to an accumulation 
of fluid By this time the patients general condition avas much worse, pulse rapid tongue dry and 
coated, and he was growing rapidly aery much weaker Eleven daas after the injurv, the patients 
abdomen avas opened through an upper midhne incision and about three pints of bile were evacuated 
( rom the peritoneal cavity At this point in the operation, the patient suddenly stopped breathing and 
all means of artificial respiration were of no avail An autopsy showed several small tears 011 the 
anterior surface of the liver all of which were healing There was a large rent in the anterior layer of 
the lesser omentum near the attachment of the transverse fissuie and by careful dissection, a tear in 
the hepatic duct, which would admit the blunt end of an ordinary lead pencil, avas found The edges 
of the hepatic duct were everted and there avas some organization of the surrounding blood clot 
Unfortunately there was no note made of the condition of the heart muscle, which would have been of 
considerable interest, as it has frequently been claimed that profound jaundice causes some degree 
of myocarditis 

Edington” reports the case of a male, age 24, who on September 16 1931, was struck in the right 
upper quadrant of the abdomen by another man’s head The patient suffered a profound shock which 
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subsided npidl} witlnn the comse of a few dajs Jaundice was notely shortly thereafter, together with 
pain in the lowei abdomen The jaundice giaduallj faded during the ensuing three weeks and the 
pain became much less He leturned to Ins occupation but found he was unable to woik full time 
because of extreme weakness and lassitude, and at the end of the third week, it was noted that Ins 
abdomen was giowmg progressnelj larger His stools by tins time had become clay colored On tlie 
fourth day after resuming work, which was about three and one half weeks after the accident, he felt a 
sudden snap as though something had gnen waj in the epigastrium From this time on, the enlarge 
ment of the abdomen progressed \eiy lapidlj At examination, after this episode, the patient was found 
to be jaundiced, the abdomen was distended but the flanks weie tjmpanitic A fluctuant mass could be 
felt in the epigastrium The di ignosis of “collection of fluid in the lesser sac” was made Operation on 
October is, 1931, one month after the injurj, disclosed a large collection of fluid walled off behind the 
omentum, probabh in the lesser sac This cyst like collection contained a large amount of dark 
greenish, bile stained fluid The edges of the cist wall were marsupialized to the skin and the wound 
packed with iodoform gauze A profuse and persistent discharge of bile followed the operation The 
gauze pack was returned on the fifth daj and the wound allowed to contract down to a fistula Thirty 
three dajs after the operation, bile was still discharging, and it was decided that a rupture of one of the 
bile ducts had occurred Hie patient was reoperated upon and the fistulous tract, which led down to the 
region of the common duct, was dissected free and anastomosed to the anterior surface of the stomach 
The wound healed b> prnnarj union and from that time on tile patient made an uneventful recovery 
He was seen for the following nine months, during which time there was no recurrence of the symptoms 
and no eudencc of stricture foimation 

These leporls could be continued, but they piactically all show the same 
picture The mjuiy is always caused by ciushing tiauma to the right upper 
abdomen and the right lowei chest The patients are always in a marked 
degree of shock immediately aftei the accident, which, howevei , spontaneously 
subsides within a few houis and is followed by a penod of lelative fieedom 
fiom symptoms except for localized pam foi se\eial days Jaundice is usualh 
the fust secondaiy sign to appeal, and is noted usually within the hist three 
days Bile in the mine also appears at about this time Within the next 
week the stools have usually become clay-coloi ed, and theie is a progiessive 
and marked mciease in the size of the abdomen, which on physical examina- 
tion is found to be caused by an accumulation of fluid By the end of the 
first week 01 ten days, the patient shows piogiessive loss of stiength with 
a rapidly using pulse, marked exhaustion and a model ate elevation of tem- 
peiatuie This pictuie, once seen, cannot be forgotten, and is pathognomonic 
of a laceiation of one of the bile ducts If theie is any doubt, a paiacentesis 
will disclose free bile piesent in the pentoneal cavity 

Treatment should consist of eaily celiotomy, befoie the patient has be- 
come too weak, evacuation of the bile, and simple diamage down to the site 
of the laceiated bile duct Piactically all of these laceiations heal spontane- 
ously without necessity for lepan, and in only a few instances have permanent 
stuctures developed 
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THE CLINICAL SIGNIFICANCE OF PANCREATIC REFLUX * 

R\lpii Colp, MD , \nd Henry Doubilet, MD 

New York, N Y 

FROM TIIF SURCICAL SFRMCE Ol TIIF MOUNT SINAI HOSPITAL NFW lORK, N Y 

Most obseiveis now agree that the leflux of bile into the pancreas may 
find its clinical expression m acute panel eatitis undei certain circumstances 
On the othei hand, the fiequent occuuence of the leflux of panel eatic juice 
into the common bile duct has not been fully appi eciated, and its clinical 
significance in many of the acute pathologic conditions of the biliary tract 
has not been pioperly e\aluated 

When the choledochus and the duct of Wirsung terminate in a common 
ampulla — which is not uncommon — any factor causing occlusion of the papilla 
of Vatei ilia} convert both ducts into a common canal 2 > 3 This occlusion 
may he caused eithei by an edema of the papilla , 4 01 a muscular spasm of 
the sphmctei of Oddi,’’ or by a small gallstone impacted m the ampulla 
distal to the openings of the panci eatic and common bile ducts G Once this 
common channel has been established, the stage may he set foi either biliary 
or pancreatic reflux The direction of the reflux is undoubtedly dependent 
upon the relative intiaductal secretory pressures, and inasmuch as this is 
usually higher in the panci eatic duct (unless the duct of Wirsung communi- 
cates with the duct of Santonin) a panci eatic lathei than a biliaiy leflux 
is more likely to occur 

The amount of letiojected pancreatic juice into the bile, as detei mined 
h) a quantitative estimation of the enzymes either lipase, trypsin or amylase, 
will naturally vary tremendously It will he dependent upon the secretory 
activity of the panci eas, the intiaductal panci eatic pressuie and the degree 
of obstruction at the ampulla 

The chemical recognition of these pancreatic feiments may piesent certain 
difficulties The determination of lipase is not an easy procedure and has 
been attempted by hut few mvestigatoi s The method for the detection of 
trypsin in the bile often presents several obstacles An excess of protein 
and bile pigments, which may he present especially in pathologic bile, may 
destroy the accuracy of the determination Trypsin detenoiates rapidly on 
standing, and, in addition, it is often m the inactive form and requires the 
addition of enteiokmase for its activation 

These disadvantages have led most investigators to examine the bile for 
amylase as a quantitative index of pancreatic juice admixture This enzyme 
is stable in bile and can be measured with comparative ease However, two 
different types of amylase appear to he present in the bile One type attacks 

*Read before the New York Surgical Society February 23, 1938 Submitted for 
publication January 31, 1938 
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the amylopeclm which is piesent in soluble staich, and is mainly lesponsible 
for its viscosity The othei amylase, which may be piesent m a totally dif- 
ferent piopoition, attacks pieponderantly the amylodcxtnn converting it into 
maltose Consequently the methods based on changes m viscosity of a stand- 
ard starch solution (Davison, 7 Elman, 8 Ciandall, 0 ) will give icsults which may 
be totally diffeient fiom eithei the method used to detciminc the end-point 
foi the disappearance of the blue coloi due to iodine (Wohlgemuth 10 ) or 
the methods based upon the mcasuicment of the amount of maltose produced 
during a definite penod of staich digestion (Willstattei 11 , Schmidt 12 ) 

Human bile is ordinarily deficient m the liquefying amylase as measured 
by the viscosnnetei method, and if this en/jme is found to be piesent it may 
be taken foi granted that theic is an admixture of panel eatic juice Tins 
method, as modified by Elman, was, theiefore, used in these analyses of bile 

The unit in this method is standardized as the amount of amylase which 
will reduce the viscosity of a slandaid staich solution 20 per cent in one 
horn’s hydrolysis undei conti oiled conditions The starch solution is stand- 
aichzed so that 1 cc of blood seium obtained fiom a nuinbei of fasting noimal 
individuals will contain values falling between two to six units of amylase 
If the enzyme is found in the bile in concentiation above that obtained 111 
the blood, it is leasonable to assume that a panel eatic juice admixture is 
pi esent 

In the past, the possibility of the admixture of panel eatic secielion to 
the bile was only suspected when a rapid digestion and maceration of the 
skm about a biliaiy fistula suggested the piesence of activated pancreatic 
enzymes The paucity of clinical lepoits attests to the supposed ranty 
of this untowaid complication These pancreatic enzjmes veie presumably 
denved fiom eithei a duodenal leflux through the choledochostomy tube, or 
fiom a duodenal fistula, or fiom the panci eas by reflux Postoperatively, 
the leflux of small intestinal contents thiough the common bile duct is exceed- 
ingly laie The oblique implantation of the choledochus thiough the duodenal 
wall and the added protection of the sphmctei mechanism make the reflux 
of duodenal contents thiough the common bile duct an uncommon occui- 
lence Codman, 13 Davis, 14 and Walteis and Marshall 17 have leported cases 
of this chaiacter, and only two cases similai in natuie have been obseived 
111 oui waids The diagnosis of a duodenal leflux, howevei, should occasion 
very little difficulty Walteis 15 states that one should become suspicious of 
this untowaid complication when within 24 houis following a choledochostomy 
there is a discharge of a large amount of thin, fluid matenal with a rancid 
odor, 01 the skin about the drainage tube appears nutated and digested If 
either methylene blue, 01 insoluble caimine crystals, which aie administeied 
by mouth, appeal about the abdominal sinus 01 stain the diamage, the diag- 
nosis is verified On the othei hand, if the drainage contains pancreatic 
ferments without signs of the orally administeied dye, it is leasonable to 
suppose that a panci eatic reflux is pi esent 

The appended case repoit (Case 1) graphically illustrates how the rapid 
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skin digestion about a choledochostomy sinus immediately suggested the pos- 
sibility of a panel eatic reflux, which chemical analysis and clinical observa- 
tion subsequently substantiated 

Case i — (No 37560S) H H, a female, age 39, was admitted to the Mount Sinai 
Hospital January 12, 1935, and discharged Februa-y 6, 1935 A week prior to admission, 
the patient experienced an uncomfortable feeling in the back which was relieved by 
pressure Five days later she began to coir dam of pam m the epigastrium, aggravated 
by food, and associated with nausea and vomiting Simultaneously, the entire abdomen 
felt sore and the epigastnc pain was aggravated by movement There was no history 
of jaundice, chills or fever 

Physical Examination disclosed an acutely ill, subictenc female There was tender 
ness in the right upper quadrant and the gallbladder was palpable Icteric index, 31 
White blood cells 14,300 , polymorphonuclear leukocytes, 84 per cent , lymphocytes 14 
per cent , hemoglobin, 90 per cent The urine was clear , albumin, very faint trace , sugar, 
negative, bile, four plus, urobilin, one plus 

The patient was observed for 48 hours and then explored, under general anesthesia, 
through a six-inch, oblique, uppet light rectus, muscle-splitting incision The hver was 
slightly enlarged, but normal 111 size and consistency The gallbladder was markedly 
thickened and acutely inflamed and measured about 7 cm in length with an average 
diameter of 5 cm It contained about 40 cc of rather thin bile, and innumerable stones, 
several of which vere found in the c\stic duct The gallbladder was adherent to the 
common bile duct, which was partially constricted by firm, dense adh^iuns The c^ole- 
dochus contained no calculi A topical retiograde cholecystectomy was performed One 
tube was sutured to the cystic duct, which was left open, and another was placed into 
Morrison’s pouch The abdominal wall was closed in layers 

Postopci aiivc Cow st — Four dajs postoperativclj , the patient drained an unusually 
large amount ot bile, and on the eighth day, a definite maceration of skm became appar- 
ent Examination of the drainage fluid revealed large amounts of trypsin and amylase 
There was no evidence of either a duodenal fislula or reflux, since ingested insoluble 
carmine failed to appear in the drainage Two weeks later the drainage suddenly ceased 
and urobilin appeared m the stool 

In this case of pancreatic reflux it is possible that the bile and pancreatic 
ducts opened into a common ampulla which was subsequently occluded by 
eithei a small calculus 01 possibly by temporary spasm of the sphincter of 
Oddi As soon as this obstiuction was overcome, the bile and pancreatic juice 
emptied noimally into the intestine, with immediate cessation of external 
drainage 

Recent studies have shown, howevei, that the occuirence of inactive pan- 
creatic ferments in the bile due to leflux is not an uncommon occurrence 
Ihe admixtuie of pancreatic secietion, either m the bile of the choledochus 
or that of the gallbladder, may not be suspected because its presence may be 
perfectly innocuous and cause no recognizable clinical manifestations There- 
fore, the frequency with which these pancreatic enzymes will be found m 
gallbladder and common duct fistula bile will natuially depend upon a routine 
analysis to establish then identity 

In a recent communication, Rupper, 1 ' 1 using the Wohlgemuth method, ex- 
amined the bile (usually from the gallbladder) m 219 suigical patients for 
the purpose of finding pancreatic ferments The samples were obtained from 
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cases of cholelithiasis, tumors of the pane teas, acute pancreatic disease, and 
from those patients possessing a piesumably healthy biliary system In- 
ci eased amylase was demonstiable in 17 pei cent of the cases Those m which 
the bile ducts contained panel eatic juice differed m no way from other cases 
of cholelithiasis m respect to history, symptomatology, clinical couise, opera- 
tive findings or postoperative couise Subsequent follow-up examinations, 
made months 01 years latei, failed to leveal indications either of pancreatic 
01 hepatic dysfunction 

In a senes of 25 cases of elnonic cholecystitis in which the gallbladder 
bile w'as routinely examined by us for amjlase by the viscosimeter method 
no feiments w r ere found, but in 12 cases of acute cholecystitis, large amounts 
of enzymes w r ere piesent 111 foui patients In a loutine analysis of the bile 
obtained from a choledochostomy drainage tube in 24 patients, amylase was 
piesent in eight In six of these patients the panel eatic duct w r as -visualized 
by hpiodol injections, and loentgenologic examinations by the following 
method 

About 12 days after a T-tube choledochostomy, iodized oil is injected by 
means of a 50 cc syringe through the drainage tube into the biliary tract 
Undei the fluoroscope the oil can he seen to enter the choledochus, fill the 
tei ruinations of the hepatic ducts, and then pass through the sphincter into 
the duodenum If the splunctei is spastic, the mtrahepatic bile ducts aie 
filled to a considerable extent befoie the oil is forced through the sphincter 
into the duodenum At this point, anteiopostenor and lateral roentgenograms 
are taken Having made certain that theie is no organic obstruction in the 
choledochus, morphine sulphate (Gr is administered hypodermically, and 
five minutes latei iodized oil is again injected The morphine induces a se- 
vere sphincter spasm, 17 and as a lcsult the entire biliary tract is usually vis- 
ualized before the injected iodized oil can be foiced into the duodenum If 
the pancreatic duct opens togethei w ith the common bile duct abov e the spastic 
sphincter, the hpiodol will invariably enter the duct of Wirsung This canal 
has been visualized fluoioscopically as fai as the body of the panel eas 111 
one case, and almost to the tail 111 anothei Unfortunately, 1 oentgenograms 
were not taken at this particulai minute Since the secretoiy piessure of the 
pancreas seems to be highei than the resistance of the sphincter of Oddi, 
only the terminal 5 to 7 cm of the pancreatic duct may be visualized There- 
fore, m ordei to demonstrate the pancreatic duct on the film, a steady con- 
tinuous injection of hpiodol must be made wdnle the plate is being exposed 
At times when the splunctei is sufficiently spastic, the pancreatic duct may 
be visualized even before morphine is given (Figs 3, 5 and 8) The ad- 
nnnistiation of this drug in such cases is not necessary and may even decrease 
the visualization of the pancreatic duct because it causes not only muscular 
spasm of the sphincter but also of the duodenal wall which embraces the ducts 
(Fig 4) Inasmuch as the abdominal orifice of the biliary fistula frequently 
overlies the region of the sphincter of Oddi, the patient should be turned over 
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slightly to the light in order to obtain an unobstiucted view of the pancreatic 
duct 

It might piove of interest to bnefly abstract the histones of seven cases 
in which, m the couise of a routine analysis of bile, the presence of amylase m 
sufficient concentration suggested a pancreatic reflux In six of these cases 
the panel eatic duct was visualized 

Case 2 is of unusual interest because, at one time dining the postoperative 
period, puie unactivated pancreatic juice was obtained from the choledochos- 
tomy tube However, there weie no clinical manifestations suggesting a pan- 
creatic reflux other than the fact that the drainage was colorless in appearance 
and that its chemical analysis 1 evealed amylase 

Case 2 — (No 407176) M F , a male, age 27, was admitted to the Mount Sinai 
Hospital April 15, 1937, and discharged June 3, 1937 The patient had been well until 
ten months before admission, at which time he began to develop postprandial sensations 
of burning in the epigastrium, accompanied by a feeling of distention and substernal 
pain This would begin usually 15 minutes after a fatty meal and would last 15 minutes 
Six days before admission, the patient experienced localized epigastric and substernal 
pam, and two days later he noticed jaundice, clay colored stools, and dark urine 

Physical Examination disclosed a jaundiced patient, not acutely ill Abdominal ex- 
amination was negative Icteric index, 14 Blood bilirubin, 1 5 mg per cent , chole- 
sterol, 319 mg per cent total, 115 mg per cent ester Bile was present in the urine, 
and the stool contained no urobilin Galactose and sodium benzoate tests were under- 
taken to rule out hepatitis The galactose test gave an excretion of 3 5 Gm and the 
sodium benzoate 313 Gm , thus confirming the clinical impression of obstructive jaundice 

Table I 


FRACTIONAL ANALYSIS Or FISTULA BILE OBTAINED TROM CASE 2 




Time of Bile 

Amylase 

Date 

Meal 

Collection 

Units per Cc 

5 / 2/37 

12 00 noon 



(11 days postoperative) 

Lunch 

230 PM 

3,000 


4 30 P M 
Supper 

4 30 P M 

D255 



6 30 PM 

1,000 



8 30 PM 

1,800 



10 30 P M 

2,000 

5 / 3/37 


12 30 A M 

1.285 



2 30 A M 

441 



4 30 A M 

26 



6 30 A M 

30 


8 00 A M 

Breakfast 

8 30 A M 

0 



10 30 A M 

300 


II 30 AM 




Lunch 

12 30 P M 

2,000 
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Under observation, bile subsequently disappeared from the urine and urobilin was found 
in the stool 

Operation April 21, 1937, levealcd a chronically inflamed gallbladder containing a 
myriad of yellow, cholesterol stones It was adherent to the duodenum and transverse 
colon The common duct was dilated and inflamed and contained many small cholesterol 
stones A retrograde cholec\stectomy and a 1 -tube cholcdochostomy were performed 

Postopaalwc Com sc — Bile drained freely the dav following operation On the 
seventh day the bile drainage suddenly changed 111 character and about 250 cc of a 
colorless fluid w r as collected This was analyzed and found to contain 7,000 Elman 


ric 


Tig 2 



Figs i and 2 — Case 2 Note that before administration of morphine (rig 1 ) the hepatic ducts are 
only terminally outlined before hpiodol enters the duodenum This indicates a normal resistance of the 
sphincter of Oddi fne minutes after morphine administration, continued injection of hpiodol outlines 
the entire biliary tract and distends the common bile duct In addition, the pancreatic duct (arrows) 
was outlined foi considerable distance 


units of amylaze This fluid did not digest egg white, indicating that the tripsin had 
not been activated The biliary^ drainage w r as analyzed daily, as well as for one 24 
hour period for amylase (Table I) After tu'o previous unsuccessful attempts, hpiodol 
visualization of the pancreatic duct was finally accomplished after producing spasm of 
the sphincter of Oddi by the hypodermic administration of morphine (Figs 1 and 2) 
The tube was removed on the thirty-ninth day and the external bile drainage ceased 
immediately 

Case 3 — (No 416038) S M, a male, age 52, was admitted October 30, I937> 
and discharged December 7, 1937 There was a history of right upper quadrant pain 
which often radiated to the left upper quadrant and into the back The pain was relieved 
by belching and by induced vomiting There was no history of fever, chills or jaundice 
The present episode began six days before admission and w r as similar to the previous 
attacks The pain radiated from the right upper quadrant to the left upper quadrant 
and back 

Physical Examination revealed a thin, middle aged male There were a few moist 
rales at the bases of both lungs Tenderness and rigidity were present in the right 
upper quadrant of the abdomen, and a round ballotable mass was palpable in this region 
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Blood pressure 140/84 White blood cells, 14,000 , 81 per cent polymorphonuclear leuko- 
c\ tes , iS per cent hmphocjtes Urine, negative for bile A scout roentgenogram of 
the abdomen re\ealed two ring-shaped concretions in the gallbladder region 

Opeiation — October 10, 1937 A celiotomy, under spinal anesthesia, revealed an 
acutely inflamed, hydropic gallbladder containing two large stones impacted in the am- 
pulla The common duct, which was dilated to three times its normal size, was the 
site of an acute inflammatory process and contained a small stone A cholecystectomy 
and a T-tube choledochostomj were performed 


Fig 3 Tig 4 



Figs 3 and 4 — Case 3 Injection of iodized oil showed considerable spasm of the sphincter of 
Oddi (Fig 3) since the hepatic ducts are outlined to a considerable extent before the oil passes into the 
duodenum At the same time a portton of the pancreatic duct (arrow) is filled The junction of the 
common and pancreatic ducts at the ampulla of Vater is clearlj usualized Note also the dilatation of 
the common bile duct Following the administration of morphine (Fig 4) the whole biliary tract is 
outlined The increased tomcit\ of the duodenal wall as a result of morphine action caused compression 
of the intramural portion of both the common and pancreatic ducts The ampullarj junction of these 
ducts are, howeier, still clearlj outlined (arrow) 

Postopetative Couise — The patient’s postoperatn e course was complicated by a 
bronchitis but was otherwise uneventful Bile drainage from the T-tube was positive 
ior amylase Determinations varied between 15 and 85 units in 24 hour samples for 12 
consecutive days Lipiodol roentgenograms of the biliary tract visualized the major 
hepatic radicles without the use of morphine The lipiodol could be seen passing into 
the pancreatic duct for a distance of about 10 cm (Fig 3) After the administration 
of morphine, the increased tonus of the duodenal wall partly obliterated the visualiza- 
tion of the intramural portion of both the choledochus and the pancreatic ducts (Fig 4) 
However, the ampulla at the junction of these two ducts was clearly visible On the 
thirty-seventh day, the T-tube was tied off At that time the sphincter resistance meas- 
ured about 150 Aim After clamping the tube for five days, the resistance of the sphincter 
was found to be 90 Aim The tube was then removed and the fistula closed immediately 
Case 4 — (No 416858) A! R, a married woman, age 62, was admitted to the 
private service of Dr Leon Ginzburg (through whose courtesy this case was studied) 
November 18, 1937, and discharged December 25, 1937 She suffered from an attack of 
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epigastric distress for the first time in August, 1936 In April, 1937, she again developed 
a terj severe episode of epigastric pain radiating to both costal margins and the back 
Admimstiation of morphine was lequircd Since then the attacks had increased 111 
frequenev and scierit}, occurring as often as four times wceklj Pruritus and dark 
urine were present with each attack but jaundice was not noted until her present ad- 
mission At this time bile was present in the urine The stool w'as claj colored and 
contained neither bile 1101 urobilin Hemoglobin, 70 per cent, white blood cells, 38,000, 
72 per cent polj morphonuclcar leukocites Icteric index, 10 

Opoation — November 29, 1937 A chronicall} diseased gallbladder containing stones 
was found The cholcdochus was thickened and inflamed, and dilated to three times 
the normal diameter A11 irregular shaped pigment stone about 1 cm in diameter w’as 
found m the mtranuiial portion of the common bile duct, and was extracted with some 
difficult}' Cholccystcctoim and a T -tube choledochostoni} were performed 

Postopci atwc Couisc — Fi\e hundred to 700 cc of a eer} pale, water} bile con- 
tinued to dram daily for three weeks Anal} sis of this re\calcd that it contained 1,200 
units of am}lasc It was felt that an obstruction was present, due either to the impac- 
tion of a residual stone at the papilla 01 to the presence of spasm of the sphincter of 
Oddi The T-tube was clamped on the nineteenth da} after operation for a short time, 
and bile passed into the duodenum without ensuing discomfort It was clamped again 
for 24 hours on the twent} -third da\ On the twent} -fourth da}, lipiodol injection of 
the biliar} tract rcecaled a spastic sphincter (Fig 5), and \1suah7at10n of the hepatic 
and pancreatic ducts was effected The tube was clamped again on the twent} -fifth da} 
and removed five da}S later, with the cessation of external drainage 

The following tlnee cases are lepoited fiom the Wat cl Suigical Service 
of Dr John Garlock, Ihiough whose comtesy these studies were made 

Case 5 — (No 416037) S L, a male, age 58, was admitted October 30, 193 7. 

and discharged Noeembei 30, 1937 For the past 38 a cars the patient had had recur- 

rent attacks of rather vague, burning pain beginning at the angle of the right scapula 
and radiating around to the right upper quadrant Six months before admission, he 
experienced a severe attack which was accompanied b} a shaking chill and followed 
by jaundice, which lasted foi one week Roentgenologic examination at that time re- 
vealed incomplete visualization of the gallbladder but no stones Similar attacks oc- 
curred two months, five dajs, and two days before admission 

Physical Examination revealed a w'ell developed and w r ell nourished male, definitel} 
jaundiced There was marked tenderness in the epigastrium and in the right upper 
quadrant Temperature, 100 6° F , hemoglobin, 78 per cent Blood chemistrj, total 
cholesterol, 225, cholesterol ester, 36, icteric index, 10, bilirubin, 02 mg per cent 
Galactose tolerance test showed an excretion of 1 1 Gm of sugar Roentgenologic 

examination of the gallbladder by means of the Graham test failed to visualize the 

viscus 

Opeiation — November 8, 1937 The gallbladder was found thickened, shrunken, and 
full of calculi The choledochus w r as not dilated, and revealed no stones A probe 
passed easily into the duodenum A cholecystectomy and a T-tube choledochostoni} 
were performed 

Postopa atwc Couisc — Recovery w'as uneventful Amylase w'as found m consider- 
able concentration on several occasions, once as high as 75 units in a routine analysis 
of the biliary drainage Activated tr}psin was found once in the biliary drainage on 
the fifteenth day after operation Roentgenologic examination of the biliary tract with 
lipiodol showed no dilatation of the biliary tract, an absence of stones, and a spasm of 
the sphincter of Oddi (Fig 6) Following the administration of morphine, the pan- 
creatic duct was visualized to the extent of 1 5 cm (Fig 7) The tube w'as removed on 
the nineteenth day, and the fistula closed almost immediately 
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Case 6 — (No 416741) Y S, a female, age 48, was admitted November 16, 1937, 
and discharged January 6, 1938 Foi the past two and one-half years she had experi- 
enced a pressing sensation m the epigastrium which radiated directly to the back These 
episodes wcie usually preceded by a chilly feeling, and were accompanied by fever and 
severe nausea They occurred tw'o to three times a month and usually started one-half 
to one hour after eating Jaundice was noticed only during the first attack However, 
the patient noted that with each attack the urine turned dark and the stools w'ere light m 
color She had lost 35 pounds in weight 

Physical Examination — The patient was \ery thin and poorly nourished The liver 
edge, which was hard and smooth, was palpable 10 cm below r the costal margin The 
spleen w j as just palpable There was marked tenderness o\cr the gallbladder region 


Tic s 


FlC 0 



Figs 8 ind 9 — Case 6 Injection of lipiodol shows presence of considerable spasm of the sphincter 
of Oddi (rig 8) since the hepatic ducts are outlined to considerable extent bcfoie the oil can be forced 
into the duodenum The choledochus is nnrhedb distended The pancreatic duct (arrow) is clearb 
outlined even the entrance of finer branches being shown Following morphine administration (Fig 9) 
the whole biliary tract is outlined and the common bile duct is marhedb distended Increased tonus of 
the duodenum causes obliteration of the intramural portion of both common and pancreatic ducts The 
pancreatic duct (arrow ) is outlined onh to a small extent 


Hemoglobin, 90 percent, white blood cells, 8,000, icteric index, 15, bilirubin, 35 nig 
per cent Cholesterol total, 220 mg per cent, ester, 80 mg per cent On the second 
day the patient experienced a severe attack of pain, accompanied by a chill and fever 
to 103° F The next day, however, the icteric index was only 3, and lemained low 
up to the time of operation Sodium benzoate test showed a low excretion of o 86 Gm 
of luppuric acid, indicating marked diminution m liver function 

Opeiation — November 26, 1937 Disclosed a chronically inflamed gallbladder with- 
out stones The choledochus was thickened and dilated to 25 cm in diameter and con- 
tained nine large, black, crumbly, faceted stones The papilla of Vater admitted the 
tip of the little finger A cholecystectomy and a T-tube choledoch ostomy w'ere performed 
About 1,100 cc of bile drained the first two days but gradually diminished in amount 
Amylase was found in the biliary drainage as high as 3,000 units on one occasion 
Roentgenologic examination and lipiodol visualization on the twelfth postoperative day 
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demonstrated a dilated biliary tract with considerable spasm of the sphincter of Oddi 
The pancreatic duct was clearly visualized, even some of the finer branches being- filled 
(Fig 8) After increasing the sphincteric spasm by an injection of morphine, the entire 
biliary tract became outlined The pancreatic duct was still visualized but to a lesser 
extent (Fig 9) The fistula closed almost immediately upon removal of the T-tube 

Case 7 — (No 416700) I F, a male, age 54, was admitted November 15, 1937, 
and discharged December 16, 1937 He had been quite well until two months before 
admission when he suffered a very severe attack of right upper quadrant pain radiating 
to the epigastrium, back and right shoulder This was accompanied by vomiting and 
jaundice The attack recurred six weeks later and on the day before admission He 
had lost 20 pounds in weight during the past two months 

Physical Examination revealed a well developed, rather obese, and markedl}' jaun- 
diced male There was moderate voluntary abdominal rigidity The liver edge was 
palpable 2 cm below the costal margin Hemoglobin, 90 per cent, white blood cells, 
7,950 , 59 per cent polymorphonuclear leukocytes Liver function tests Sodium d-lactate 
clearance test, normal , galactose test, normal While under observation, the temperature 
rose to 101 5 0 F Bile and urobilin were present 111 the urine Icteric index, 23 , bilirubin, 
5 0 mg per cent , total blood cholesterol, 270 mg per cent , ester, 79 mg per cent 

Opciation — November 22, 1937 Revealed a thickened, edematous and somewhat in- 
flamed gallbladdei with stones, adherent to the second portion of the duodenum The 
choledochus was thickened and moderately dilated It contained yellowish white thick 
purulent material and one small faceted stone in the distal portion of the duct A large 
probe passed into the duodenum without difficulty A cholecystectomy and T-tube 
choledochostomy were performed 

There was drainage of onlj small amounts of bile which frequently contained amylase 
Bile samples collected every six hours during a 24 hour penod (Table II) showed an 
amylase concentration of 1,500 units No actuated trypsin was found 

Table II 

FRACTIONAL ANALYSIS OT TISTULA BILE OBTAINED TROJI CASE 7 




Time of Bile 

Amylase 

Date 

Meal 

Collection 

Units per Cc 

12/9/37 

12 00 noon 



(7 days after operation) 

Lunch 

130 PM 

1,200 


4 30 P M 

Supper 

6 00 PM 

1,500 

12/10/37 


12 00 midnight 

0 



4 00 A M 

1 5 



7 00 A M 

0 


Postopo ativc Cow sc — The jaundice cleared up slowly On the sixteenth day, the 
biliary tract was examined roentgenologically after the injection of lipiodol Under 
the fluoroscope, the sphincter was seen to be definitely spastic, and the common duct 
slightly distended, the hepatic ducts were, however, markedly dilated (Fig io) After 
administration of morphine, the pancreatic duct was seen to fill as far as the tail of the 
pancreas However, during the few moments consumed placing the casette in position, 
the pancreatic duct emptied almost completely and only about 5 cm were demonstrable 
(Fig II) 

The T-tube was removed on the twenty-third day and the fistula closed almost 
immediately 
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The iole of spasm of the sphincter of Oddi in the pioduction of a pan- 
el eatic leflux is fuither substantiated in the appended icpoit (Case 8) The 
pancreatic duct was not visualized in this patient, possibly because moiphmc 
was not used 

Case 8 — (No 382140) C T, a female, age 60, was admitted Julj 12, 1935, and 
discharged August 27, 1935 Slit had suffered from attacks of gallbladder pain for five 
jears Jaundice accompanied the last episode, which occurred 12 dais aftei operation 
The icteric inde\ at the time was 50, and the bilirubincmia 2 o mg per cent 

Opci niton — Julj 20, 1935 The gallbladder was found full of stones and acutel) 
inflamed The common duct was thickened, enlaiged to twiee its normal diameter, and 



Tigs io and n — Case 7 Before the administration of morphine (Tig 10 ) injection of oil fills 
the hepatic ducts to considerable extent indicating sphincter spasm Ti\e minutes after morphine 
administration (rig 11) the hepatic ducts are outlined to a greater extent A considerable portion of 
the duodenum is clearlj outlined At the same time a portion of the pancreatic duct (arrow) is filled 

filled with a sand-like precipitate, but contained no stones A retrograde cholecystectomj , 
and a choledochostomy, were performed 

Postopci ativc Com sc — Urobilin w r as not present in the stools until the nineteenth 
day Pancreatic enzymes, trypsin and amjlasc, w r ere demonstrated 111 the biliary drain- 
age on several occasions On the third day the initial resistance of the sphincter w’as 
225 Mm H= 0 , and thereafter w r as constant at 185 Mm H =0 O11 the sixth day after 

operation, the constant resistance was even higher, remaining at 220 Mm H =0 
On the tenth day the injection of hpiodol outlined the hepatic ducts extensively, and 
only a few droplets of hpiodol entered the duodenum The following day no hpiodol was 
evident 111 the duodenum, but some still remained in the choledochus, while the remainder 
was seen in the drainage 

The kymographic studies in this case, without the use of moiphine, indi- 
cated a periodic spasm of the sphincter which ivas fuither substantiated by 
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hpiodol studies The piesence of amylase was indicative of panel eatic reflux, 
even though the panel eatic duct was not visualized in the 1 oentgenograms 

A study of Cases 2, 3, 4, 5, 6, 7 and 8, 111 which the piesence of a pan- 
el eatic reflux was fiist demonstiated chemically, emphasizes, quite cleaily, the 
nnpoitance of spasm of the sphincter of Oddi not only in causing an ob- 
stiuction at the papilla, but simultaneously converting the biliary and pan- 
creatic ducts into one continuous channel Ai chibald, 5 111 his studies on biliary 
leflux m the production of acute panel eatitis, first suggested the possibility 
that spasm of the sphmctei of Oddi alone was sufficient to conveit the 
choledochus and duct of Wirsung into one canal, piovided they both opened 
into a common ampulla, proximal to the sphincter He submitted ceitam 
evidence gained fiom animal experiments to substantiate his contention Thu 
woilc was not confirmed by Wangensteen and his associates, 18 and others, 
who stated that they weie unable to produce the legurgitation into the pan- 
el eatic duct without 01 game obstruction at the papilla 

These cases ceitamly seem to confiim the fact that m the human, spasm 
of the sphmctei alone is sufficient to conveit the pancreatic and biliaiy ducts 
into one canal and establish a basis for eithei a pancreatic 01 biliaiy reflux 
In addition, these cases also seem to piove the postulate of Popper, 10 who, 
from his extensive investigations on panel eatic leflux, stated that if high 
concentrations of pancreatic enzymes weie found in the bile, a dnect anatomic 
communication between the biliaiy and panci eatic ducts could be piedicted 
This was found to he tiue, for 111 six of the seven cases of pancreatic reflux, 
the duct of Wnsung was visualized roentgenologically aftei the injection of 
hpiodol into the common bile duct 

However, the admixture of panci eatic juice with the bile seems to vary 
periodically 111 the same patient, because theie weie times 111 which the fer- 
ments were found to be absent (Tables I and II) If the bile is to be 
analyzed for amylase, specimens should be obtained aftei the ingestion of a 
well balanced meal The piesence of laige amounts of pancreatic ferments 
in the bile did not seem to occasion any special symptomatology 111 these 
cases In Case 2, drainage at one time was puie, inactivated pancreatic juice 
and yet no significant clinical manifestations were lecognizable Appaiently, 
under ceitam circumstances, inactivated panci eatic juice appeals just as in- 
nocuous, and appaiently as harmless, as it is in the duct system of the pan- 
creas In fact, the choledochus itself seems paiticularly immune to the 
necrotizing effects of an admixture of bile and panci eatic juice Benign 
strictures of the common bile duct, eithei noncongenital in oiigm, or unas- 
sociated with gallstones, aie rarely found at a primal y operation Moieover, 
the follow-up studies of all the cases in this senes associated with a pancreatic 
reflux presented no subsequent complications referable to common duct 
involvement It may be argued, and justly so, that the leflux of pancreatic 
juice in the postoperative group of cases was caused aitificially by the choled- 
ochostomy and that 111 the presence of an intact common bile duct, this 
leflux would not have occuned This may be paitially tiue For it is 
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moie likely that the piessuie in the common bile duct may have been suffi- 
ciently lowered by the institution of the T-tube diainage so as to have favored 
the flow of panel eatic juice ovci the choledochus Howevei, in another 
gioup of acute cases ninth will be discussed latei, the bile removed from 
either the pentoneal cavity 01 gallbladdei at the time of operation occasionally 
levealed panel eatic feimcnts in such high concentiations that then presence 
can only have been accounted for on the basis of a pancreatic leflux This 
gioup is composed of those cases of nonpci forative bihaiy peritonitis and 
ceitain types of acute cholecystitis 

Bile peritonitis without demonstrable perforation of bile passages was first 
leported bj Clanmont and Von Ilabeicr, 10 in 1910 They suggested that this 
might have been caused by an alteration in the permeability of the bile duct 
walls, permitting the bile to seep through Blad 20 subsequently offeied an 
explanation for these unusual phenomena on a basis of his chemical and 
animal experiments He felt that the panci eatic feimcnts, aided by bacterial 
action, digested the colloids of the bile and liberated the bile pigment which, 
by some unknown piocess, could then pass thiough any membiane Wolfer 21 
was subsequently able to experimentally pioduce pathologic changes in the 
gallbladdei wall by the injection of vai 1011s amounts of panel eatic juice He 
lecently le viewed the literature of nonpcrfoiative bile pentonitis and pie- 
sented seveial cases with intei esting chemical findings*" 

The follow mg case, observed b> us, graphically illustrates a bile pei itonitis 
without demonstiable peifoiation of the bile passages m wduch not only w r ere 
aieas of fat neciosis piesent in the pentoneal cavity, pointing to the piesence 
of pancreatic enzymes in the fiee bile, but, in addition, tiypsm and amylase 
w'eie piesent in the bile aspirated fiom the gallbladdei at the time of opeiation 

Case 9 — (No 402601) P G, a female, age 45, was admitted December 22, 1936, 
and discharged January 23, 1937 During the past three jears, she had experienced 15 
to 20 attacks of severe, squeezing, epigastric pain, radiating both to the left and to the 
right, and to the middle of the back Pam persisted and she had vomited once There 
was no history of jaundice, acholic stools, dark urine, fever or chills 

Physical Examination disclosed a well developed female, apparently acutelj ill Tem- 
perature, 986° F Blood pressure, 150/90 The abdomen was shghtlj distended There 
was slight, diffuse abdominal resistance, most marked in the left flank, and marked ten- 
derness in the epigastrium and right upper quadrant with slight rebound tenderness 
White blood cells, 33,900, 95 per cent polymorphonuclear leukocjtes The urine showed 
urobilin 1 100 Icteric index, 5 , blood bilirubin, 0 8 mg per cent , van den Bergh 
direct, promptly positive, indirect, 1 125,000 

Inasmuch as the physical signs and symptoms persisted, an abdominal puncture was 
performed ten hours after admission This revealed bile-tinged hemorrhagic fluid which 
on smear showed leukocytes, but no organisms In view of the presence of bile 111 the 
abdominal fluid, the possibility of a perforation of the gallbladder was considered 

Opeiation — Dr Amiel Glass The gallbladder, which was not inflamed, was found 
markedly distended by a small amount of clear, green bile and several hundred small 
yellow stones There was a large quantity of apparently nonpurulent bile in the general 
pentoneal cavity, and bile seemed to issue from the foramen of Winslow There were 
five to six small points of fat necrosis on the peritoneum and omentum adjacent to the 
head of the pancreas This was shghtlj enlarged and blood stained bile was present 
beneath its pentoneal covering A cholecystostomy was performed 
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The gallbladder bile aspirated at operation showed the presence of both amylase 
and trypsin A fragment of omentum removed at operation showed fat necrosis histo- 
logically The stools were immediately positive for urobilin 

Postoperative Course — The patient did well postoperatively There was free biliary 
drainage at first which gradually ceased The patient was discharged 31 days after 
operation 


The other type of acute case associated with pancreatic leflux is acute 
cholecystitis Clinically, considerable quantities of active pancreatic ferments 
have been found m the bile obtained fiom acutely inflamed gallbladders, and 
then piesence appears to be definitely related to the acute inflammatory proc- 
ess present Such instances have been leported by Bundschuh , 23 Ruppanner , 24 
deDziembowski , 25 and Brackertz 20 Three similar cases of acute chole- 
cystitis associated with the presence of appreciable quantities of pancreatic 
enzymes in the gallbladder bile have been pieviously reported from the Sur- 
gical Services r t the Mount Sinai Hospital 27 In two of these cases, surgical 
exploration disclosed free bile in the pentoneal cavity, and in one, fat necrosis 
was seen not only m the acutely inflamed gallbladder wall, but also in the 
adherent omentum The gallbladder bile which was aspirated at the time of 
operation was definitely alkaline, and diastase was piesent in large amounts 
m all three cases The cultures were sterile m two cases, but m the third, 


B coh and B Fncdlandei were present No bacteria were found in the 
microscopic sections of the gallbladdei in any of the three cases The pan- 
creatic ferments present in the gallbladdei bile could have been accounted for 
only by pancreatic reflux 

The exact mechanism by which pancreatic ferments in the bile may be 
perfectly innocuous under certain circumstances, and m others cause either 
a nonperforative bile peritonitis or acute cholecystitis, is not definitely known 
The experimental work of Wolfer , 21 Diagstedt , 28 Ivy , 21 Andrews , 29 and 
others, show that the local cytolytic action of bile salts, the alkahmzation of 


the gallbladder bile, and the piesence of appreciable amounts of pancreatic 
ferments and infection, are all factors m the alteration of the permeability 


of the gallbladder wall, and m the production of acute cholecystitis 


CONCLUSIONS 

The presence of amylase in significant amounts m the biliary drainage 
predicates a pancreatic reflux which may be due solely to a spasm of the 
sphincter of Oddi This spasm produces not only an obstruction at the 
papilla, but simultaneously converts the bile and pancreatic ducts into one 
continuous channel Under these circumstances, the injection of hpiodol 
through the biliary fistula may visualize the pancreatic duct 

Pancreatic ferments in the bile may occasion no recognizable clinical 
symptoms The common bile duct appears particularly immune to the efifects 
of pancreatic ferments, but the presence of pancreatic juice in the gallbladder 
may produce either a nonperforative bile peritonitis, or an acute cholecystitis 
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The mechanism which piecipilates these acute mflammatoiy reactions is not 
cleaily undei stood 
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Discussion — Dr Allen O Whipple (New York) expressed his par- 
ticular appieciation of Doctoi Colp’s paper and felt that it was an exceedingly 
impoitant addition to the cunent knowledge of biliary and pancreatic pa- 
thology Undoubtedly if the type of clinical investigation that Doctor Colp had 
put into these cases weie cairied out more methodically the number of cases 
in which pancreatic feiments aie found in both the gallbladder and common 
duct would be surpnsmg Doctoi Whipple could recall at least five person- 
ally observed instances 111 which, chiefly because of the digestion of tissue in 
the common duct tiact, pancreatic feiments were discovered, and in those cases 
it was impossible to lecover carmine particles given by mouth He feels cer- 
tain that they weie examples of panel eatic reflux 

Two features about this condition, howevei, appear to cloud the issue 
One is the lack of definite knowledge legal ding the mechanism activating the 
ferments One of his problems, when trying to demonstrate the pathologic 
picture and findings of acute panel eatitis in cats for third year medical stu- 
dents, is the marked variation 111 one’s ability to pioduce it In some animals 
it can be produced by means of bile, 111 otheis it is not even possible even 
though bile is injected dnectly through the panel eatic ducts The most con- 
stant method of producing it is by the mixing of duodenal contents with the 
bile But bile in itself will not always effect it, which, Doctor Whipple 
thought, accounted for the fact that in many of these cases pancreatic juice 
coming out of the fistula is not activated and unless it is tested for ferments 
one would not suspect it to be a pancreatic reflux 

The other difficulty is to explain why, with the administration of morphine, 
which is so regularly used m postoperative \\01k, particularly in biliaiy tract 
surgery, there is not more evidence of common duct dilatation and damage 
to the biliary tract The strongest proof — and it is incontestable proof — 
that one does get a spasm of the sphincter was shown by the roentgenologic 
studies made by Doctor Colp, an observation noted by othei s 

Doctor Whipple was not altogether in agreement with Doctor Colp in 
the assumption that lesions in the common duct are not found as a result of 
pancreatic reflux He recalled four cases, in thiee of which he assisted at 
the operation so that he could vouch definitely for the fact that the common 
duct was not injured dui mg the course of the operation, that subsequently 
developed a type of stricture of the common duct that was utterly irreparable 
At the time of operation later, when the patients had become deeply jaundiced, 
it was impossible to find anything but a strand of dense connective tissue 
extending from the duodenum right up to the portal fissure At times ac- 
tivated pancreatic ferments may effect considerable damage to the common 
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duct — the only explanation foi the extensive and diffuse destiuction of the 
common duct in the foui cases cited It would seem possible that pancreatic 
leflux could damage the common duct inasmuch as it certainly produces tis- 
sue neciosis in some cases wheie the pancreatic juice with pancreatic reflux 
is activated 

Doctor Whipple expiessed again his appreciation and admiration for the 
type of clinical investigation done by Doctoi Colp These studies and such 
studies as those by Wolfler and Diagstedt and Andtews, the Chicago group 
which has been veiy active m the study of the chemical pioduction of acute 
cholecystitis (Doctoi Whipple felt that many cases of acute cholecystitis were 
not bacterial but were definitely of a chemical origin) are supplying not only 
mtei esting pathologic data but obsei vations which are exceedingly piactical 
fiom the surgical standpoint 

Dr Morris K Smith (New York) thought that Doctor Colp’s cases 
demonstiated cleaily the leflux of panel eatic juice into the biliaiy system and 
bile into the panel eas, as the lesult of spasm of the sphincter of Oddi His 
sphincteiotome and its successful use in a most difficult case were impressive 
That spasm of the splunctei of Oddi may be the cause of some attacks of 
pain aftci cholecystectomy sheds light on a pei plexing problem At the Mayo 
Clinic they have been able to 1 elieve some such attacks w ith amyl nitrite 
Doctoi Colp show'ed an opeiative pioceduie that has been followed by relief 
foi a yeai If fuithei expenence is likewise faioiable without undue hazard 
it would seem to be a valuable contribution to biliary suigcry 

Dr Henry F Graham (Biooklyn) stated that he had performed one 
tiansduodenal choledochotomy foi a large stone impacted in the ampulla of 
Vatei What he remarked paiticulaily w r as the violent hemorrhage that oc- 
cuued as he incised the posteuoi w r all of the duodenum over the stone The 
sphincteiotome looks like a veiy efficient insliument but it certainly looks 
vicious, too lie wondeied if theie w r ere not some dangei of incising one of 
the laige vessels in the opeiation described by Doctoi Colp Another pos- 
sibility would be too peifect healing of the incision Would it not be pos- 
sible to pi event bleeding and maintain the laige opening by passing a good 
sized tube down the common duct through the splnnctci and into the duo- 
denum, bunging the othei end out thiough the W'ound m the skill ? This could 
easily be removed in a week 01 so when healing has progressed sufficiently 
Doctoi Graham said he had used this method without incising with the 
sphincteiotome Dilatois w^eie passed and the splunctei was furthei stretched 
by a clamp, a tube w r as then passed, in oidei to maintain the dilatation An 
18 01 20 F catheter can often be used 

Dr Seward Erdman (New York) appi eciated Doctor Colp’s interesting 
leseaich and ingenuity m cutting the splunctei of Oddi, and Ins theory that 
the admixture of pancreatic feiments with the bile may be a factor in the pro- 
duction of acute cholecystitis A number of theones have been adduced to 
explain the swollen, edematous, acute gallbladder, which is so often sterile 
so far as bactenal cultuies aie concerned One of these is that pressuie of 
a stone impacted in the cystic duct may so compiess adjacent veins that edema 
and even gangrene may result Pei haps, as Doctoi Colp showed, in some 
cases the inflammation is chemical m origin and results fiom the piesence of 
the pancreatic feiments 

As for the action of morphine, which Doctoi Colp claimed causes more 
spasm of the sphincter of Oddi and mci eased tension in the ducts, it is diffi- 
cult to explain the commonly observed fact that a single good dose of mor- 
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phine usually relieves not only the immediate pam, but ends the attack If 
dunng the period of action of the moi phine, the duct tension lemains raised, 
the patient should awake from the effects of the diug with the same 01 an 
increased amount of pam 

As for the wide adoption of cutting the sphincter of Oddi one must await 
later reports concerning its ultimate benefits, foi it is possible that after full 
healing and cicitnzation an actual constriction might lesult, for even the 
poweiful sphincter am, if cut clean thiough at a right-angle to the fibers, 
usually heals without loss of its sphmctenc action, despite the tremendous 
pressures to which it is daily subjected 

Lahey has found that dilatation with sounds is a satisfactory method of 
ovei coming a tight splunctei of Oddi, and this would seem to be a simpler and 
safer proceduie than section 

Doctor Erdman believed that Doctoi Colp’s case m which numerous adhe- 
sions m the upper abdomen were separated, may have received some of the 
benefit derived fiom the removal of the adhesions 

Dr Ralph Colp (closing), was very much interested in Doctor Whip- 
ple’s remaiks concerning the occuirence of stnctuies m the common bile 
duct as possibly being due to a pancreatic leflux He had previously asked 
Di Ellsworth Eliot, who had collected a large series of cases of benign stric- 
tures of the common bile duct, whether he had evei encountered a case m 
which at the primal)'' opeiation there was a stricture of the common bile duct 
which was not congenital m 01 lgin and was not associated with gallstones and 
which possibly may have been associated with a pancreatic reflux He stated 
that he had not been able to find one If the common bile duct were attacked 
through the medium of a pancreatic reflux, Doctor Colp thought that patients 
clinically exhibiting enzymes in the bile might subsequently return with some 
signs referable to stricture of the common bile duct This has not occurred 
in Popper’s series or in thens It is unquestionably true that the alkalinity 
present in acute gallbladders in which pancreatic enzymes are found undoubt- 
edly plays a role m the pioduction of the acute chemical inflammation, and 
one would natuially expect to find a similar reaction in the common bile duct 
m which the bile is usually alkaline However, Doctor Colp had never seen 
an acute choledochitis associated with a pancreatic reflux 

Doctor Colp said that he surely had not meant to imply that he would not 
use morphine m acute gallbladder colic just because it causes a spasm of 
tl e sphincter of Oddi Primarily, morphine is administered because it re- 
lieves pam, legardless of what it does to the spluncteric mechanism It is 
quite evident from kymogiaphic tiacmgs that morphine causes contraction 
of th° smooth muscle of the sphincter of Oddi, and also of the duodenum 
Diugs like papaverm and vanous others had been administered with the idea 
of relieving pam without causing a spasm, but up to the present tune Doctor 
Colp had not found this possible 

In this series of cases the incidence of spasm of the sphincter of Oddi, 
converting the pancreatic and common bile duct into a single channel, was 
found greater than originally reported Mann and Giordano claimed that 
from their studies on cadavers that the anatomic variations making possible a 
pancreatic reflux, occurred only m 3 5 per cent of their cases Yet Cameron 
and Noble, by pouring Wood’s metal into the choledochus after occlusion of 
the papilla with a small stone, were able to demonstrate the pancreatic duct in 
the mold in over 75 per cent of their preparations In the 24 cases of com- 
mon bile duct drainage, which were routinely analyzed for pancreatic fer- 
ments, enzymes were found in 33 per cent of the cases If pancreatic secre- 
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tion may be piesent in the common bile duct undei ceitam cncumstances, 
then the leveise may also be tiue, namely, that bile may be found in the duct 
of Wnsung moie fiequently than heietofore supposed 

No one would advocate the piomiscuous division of the sphincter of Oddi 
The patient piesented was thoioughly studied by Dr Isidoie Feder of Brook- 
lyn, and was given eveiy oppoitunity foi nnpiovement with medication and 
clietaiy legimen befoie endocholedochal sphincteiotomy was perfoimed Doc- 
tor Colp could not agiee with Doctoi Erdman that the adhesions which were 
found at the time of opeiation could possibly have caused the attacks of 
colic I-Ie did not believe that the simple division of these adhesions would 
have lelieved, so satisfactory, these episodes which so closcl) simulated 
biliaiy colic Apiopos of the question of stuctuie following endocholedochal 
sphincteiotomy, he said that the sphinctci had been dnidcd in another case 
which subsequently came to autopsy a yeai later 1 he incision in the antenor 
portion of the sphinctei w r as w-ell healed and the papilla was wide open There 
is ahvays the possibility, howevei, that a stnctuie may develop, hut Doctor 
Colp could not see w r hy this should occui In othei regions of the body m 
which a sphinctei is divided in a single plane, stnctuies do not lesult On 
the othei hand, he thought the foiceful dilatation of the sphincter of Oddi 
with a sound fiom which multiple teais might result, was fi aught wuth greater 
dangei of a subsequent sti ictui e than af tei pei foi ming a sphinctei otomy 
Howevei, one cannot deduce too much fiom this one case Cases of true 
sphinctenc spasm are compai atively laie and suigical division of the sphincter 
should he perfoimed only wdien all othei theiapeutic measures have failed 
In answer to the question laised by Doctoi Giaham as to dangei of hemor- 
rhage of the divided sphinctei, Doctor Colp stated that This procedure of 
endocholedochal sphincteiotomy had been peifoimed on mail) cadavers and 
they were unable to find that any vessel of appreciable si/e had been divided 
The suggestion of putting a tube in the common duct and passing it thiough 
the sphinctei of Oddi to act in an hemostatic capacity is a very good one 
Theie is anothei method of dividing the sphinctei Doctoi Archibald told him 
he had employed it in seveial cases by a simple technic Fie intioduced a 
piobe down into the common duct to the papilla The papilla w r as then ele- 
vated against the antenoi duodenal u'all and a small incision w r as made into 
the bowel in this aiea The sphinctei of Oddi, which w r as easily visualized, 
was then divided and the duodenum subsequently enteied Doctoi Colp said 
he prefened not to incise the duodenum unless it is absolutely essential, be- 
cause, aside from the possibility of a fistula, a tioublesome defoimity might 
lesult It would appear that this method of endocholedochal sphinctei otomv 
should leceive furthei trial in suitable cases 
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The piesent experiments were undertaken in order to throw some light 
on the pathogenesis of renal hypertension It is now well established that ele- 
vation of the artenal blood piessure can be produced m animals by various 
procedures which decrease the blood flow through the kidneys Thus, partial 
ligation of the lenal aiteries (Janeway, 1 1909, Hartwich, 2 3 1929, and Fried- 
man, 4 1930) , constriction of the renal veins (Bell and Pedeison, 5 1930, and 
Menendez, 0 1933) , the pioduction of interstitial fibiosis in the kidneys by 
exposure to roentgen rays (Hartman, Bolhger, and Doub, 7 1927) , compres- 
sion of the renal arteries with adjustable clamps (Goldblatt, Lynch, Hanzal, 
and Summerville, 8 1934) , and the ligation of one or both ureters (Hart- 
wich, 2 - 3 and Hairison, Mason, Resmk, and Ramey, 0 1936), have each been 
found to cause a rise 111 the blood pressure In some of these experiments 
hypertension has been maintained for long periods of time 6 - 7 - 8 The mecha- 
nism by which changes m the kidney or in its blood supply produce this ab- 
1101 mal rise m blood pressure has aroused great interest but is still not 
entirely understood 

A reflex effect from the ischemic kidney appeals to have been ruled out 
as the cause of this type of hypertension by the findings that it is not pre- 
vented or relieved by denervation of the kidneys (Page, 10 1935, and Collins, 11 
i 936), excision of the splanchnic nerves (Goldblatt, 12 1936), or complete 
sympathectomy (Alpert, Alvmg, and Grimson 13 ) Furthermore, hypertension 
has been produced by constricting the blood supply to a single kidney trans- 
planted to the neck (Blalock and Levy, 14 1937) or to the groin (Glenn, Child, 
and Heuer, lj 1937) There remains the possibility that some chemical sub- 
stance is absorbed from the ischemic kidney and that this exerts a pressor 
effect upon the endings of the vasoconstrictor nerves or directly upon the 
blood vessels Such a substance might conceivably appear in the blood stream 
as a lesult of normal metabolic piocesses and fail to be adequately excreted 
by the damaged kidneys or it might be produced locally by the ischemic or- 
gans In either case it would be expected to accumulate 111 the blood and 
perhaps be found to a certain extent m the urine or m extracts of the kidneys 

* This investigation has been aided by a grant from the Josiah Macy, Jr, Foundation 
Submitted for publication January 22 , 1938 
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In the piesent experiments, the mine fiom one 01 both kidneys has been 
deviated eithei directly into the blood stieam 01 into the intestines, and ob- 
seivations macie as to the effect of these pioceduies upon the blood pressuie 
and general health of the animals It has been w ell established that following 
bilateial nephi ectomy the blood piessure does not use above normal duiing 
the few lemammg days of life (Blalock and Levy, 11 1937) This experiment 
suggests that retention of waste pioducls noimally exacted in the urine does 
not pioduce a piessoi effect On the othei hand, the obseivation that ligation 
of the uieteis commonly lesults in a definite hypei tension 2 8 0 indicates that 
the kidneys may noimally add some pressoi substance to the mine which is 
1 eabsorbed under these conditions 

Obsc)vation<> on the Effect oj the Chionic Rcabsoi ption of Uime flow the 
Intestines upon the Blood Piessuie — When both ureteis aie implanted into 
the duodenum of dogs, the ui me is almost completely reabsorbed, the non- 
pi otein mtiogen of the blood uses to very high leiels, and the animals die 
within a lelatively few days of mania (Baird, Scott, and Spencer, 10 1917, and 
Hmman and Belt, 17 1922) Deviation of the uime fiom both kidneys into the 
lowei small intestine, howevei, is tolerated faith well for relatively long 
penods even though consideiable elevations in the blood urea indicate con- 
tinuous leabsorption of at least part of the mine (Bollman and Mann, 18 1927) 
A vanation of this latter method was employed in the piesent experiments 
Healthy adult dogs w'eie selected, and all opeiations weie performed under 
ethei anesthesia, and with the usual aseptic piccautions The bladdei neck 
was ciushed, tiansected, and ligated, thus fieeing it fiom the uiethra, a wide 
lateral anastomosis was then made between the fundus of the bladder and 
the ileum about 12 cm from the ileocecal vahe This piocedure w r as found 
to be supenoi to direct implantation of the uieteis into the intestine because 
of the high incidence of paitial uieteial distinction with the latter method 
Determinations of the blood piessuie weie made by nisei ting a needle con- 
nected with a mercuiy manometer duectly into the femoial arteiy The non- 
pi otem nitrogen of the blood w r as detei mined m the usual way Significant 
results weie obtained with four animals Recoveiy from the immediate effects 
of the opeiation was usually piompt and complete A diet of giound beef, 
biead, and nnlk was piovided, but tlnee of the animals ate veiy little, became 
progressively emaciated, and died or w r eie destioyed in 20, 23, and 28 days, 
1 espectively One animal took food legulaily and suivived foi 89 days when 
he conti acted distemper and was electiocuted A definite and sustained eleva- 
tion m the nonpiotem nitrogen of the blood occui led m each case following 
opeiation, but in all the postoperative blood piessuie readings w r ere low r ei 
than the pieoperative conti ols The details of these expenments are given in 
the following summarized piotocols 


Dog No 1 —Control blood pressure was 130 Mm Hg and the N P N of blood 38 nig 
O peahen Lateral anastomosis between the bladder and lower ileum Following operation the animal 
\erj largelj refused food and became incieisingly cachectic On the sixteenth postoperatne doj the 
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blood pressure measured no Mm Hg , and the blood NPN was 50 mg per cent The animal died 
on the twentieth day Autopsy revealed a patent anastomosis between the bladder and ileum, and the 
kidneys and ureters appeared grossly normal Microscopic examination of the kidneys revealed moderate 
hyalin changes in the tubules and glomeruli and slight fatty infiltration 

Dog No 2 — Wt 11 o Kg The preoperative blood pressure was 120 Mm Hg , and the blood 
NPN 32 mg 

Operation — Lateral anastomosis between the bladder and the lower ileum On the eighteenth day 
after operation the NPN was 107 mg, but the blood pressure had decreased to 112 Mm Hg The 
animal became progressivel> weaker and emaciated and died on the twenty third day, weighing at this 
time only 6 7 Kg At autopsy the kidneys and ureters were found to be normal on both gross and 
microscopic examination The anastomosis was patent A small fistulous tract was present between 
the bladder and urethra 

Dog No 3 — Wt 12 8 Kg The preoperative control blood pressure readings averaged 150 Mm Hg , 
and the N P N was 35 mg per cent 

Operation — Lateral anastomosis betw'een the bladder and lower ileum This animal took his food 
fairly well and remained in good physical condition On the fourteenth postoperative day the blood 
pressure was 130 Mm Hg , and the NPN 45 mg , on. the thirty seventh day the blood pressure was 
140 Mm Hg , and the NPN 54 mg , on the fifty second day the blood pressure was 130 Mm Hg , the 
NPN 73 mg , and the weight had decreased to 7 S Kg , on the sixty fifth day the blood pressure was 
106 Mm Hg , the NPN 79 mg, and the weight had increased to 8 7 Kg , and on the eighty ninth 
day the blood pressure was 112 Mm Hg , the NPN 72 mg , and the weight 8 8 Kg The animal was 
electrocuted because of distemper on the eighty ninth day after operation At autopsy the anastomosis 
was patent and the fiidne>s and ureters appeared grossly normal On microscopic examination the 
kidneys displayed occasional areas of hyalin degeneration, but w'ere otherwise normal The aorta, 
peritoneum, spleen, liver, adrenals, heart, and lungs were grossly normal 

Dog No 4 — Wt 11 2 Kg The preoperatne blood pressure was 130 Mm Hg 

Operation — Lateral anastomosis betw'een the bladder and the terminal ileum On the fifteenth day 
after operation the blood pressure measured 100 Mm Hg On the nineteenth day the NPN was 60 mg , 
and on the twenty eighth day 57 mg per 100 cc On the twenty eighth day the animal developed 
distemper and was electrocuted The anastomosis was found to be patent and the ureters and kidneys 
appeared normal on gross inspection 

The experimental data, while not extensive, weie sufficiently unifoun to 
prove that the continuous partial reabsorption of urine from the alimentary 
tract in dogs does not produce hypertension The amount of reabsorption 
was sufficient to maintain a persistent elevation of the blood nonprotem 
nitrogen at about twice the normal level Clinical evidence of a chronic tox- 
emia was also present as evidenced by the persistent anorexia, depression, 
and marked loss in body weight 

Obsei'vahons on ike Effect of Deviating the Urine fioin One Kidney 
Dnectly into the Cn culation — Absoiption from the gastro-mtestmal tiact is 
well known to be a selective piocess and the possibility remained that some 
pressor substance excreted with the urine failed to be reabsorbed by the in- 
testinal mucosa m the preceding experiments To test this possibility, a direct 
anastomosis was made between the uieter from one kidney and a convenient 
vein, usually the lumbar vein 01 the inferior vena cava This piocedure has 
been reported, by a numbei of authors, to cause a rapidly fatal toxemia, and 
the existence of a specific nephrogenic toxm has been postulated to account 
foi the result Since the hteiature in this field is conflicting and since the 
possibility of such a specific substance of renal origin is of considerable signifi- 
cance m the present problem, the pievious work will be briefly reviewed 

Brucke, 19 in 1926, was apparently the first to perform the experiment 
He leported that of six dogs in which an anastomosis was made between one 
uieter and a vein, five died on the second postoperative day One animal 
lived five days All lefused food, had frequent attacks of vomiting, and the 
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nonpiotem nitiogen of the blood lose to 120 and 300 mg pei cent At 
neciopsy the significant findings weie hypcienna and edema of the gastro- 
intestinal mucosa, pencardial and meningeal hemorrhages, early pneumonia, 
signs of pentoneal lintation, and in two cases pulmonary emboli He con- 
cluded that the kidney must seci etc a poison 

In 1927, Galeln and Ito-’° woikmg in Biucke’s laboiatory lepeated the 
expet intents with snnilai lesults Of eight dogs with patent unilateral ureter- 
vein anastomoses, seven died within two dajs and one survived for five days 
The postmoitem findings weie peritonitis, pneumonia, and pulmonary em- 
bolism These authois also concluded that the kidney secretes a poison in 
addition to its function of 1 emoting waste pioducts fiont the blood This 
poison, they believed, might play a pait in the clinical syndrome of uremia 

Hartwich and Hcssel 21 also lepeated Biucke’s experiment with similar 
findings In one gioup of animals they anastomosed one ureter and the iliac 
vein, and in anothei an anastomosis was made between one ureter and the 
poital tern Five of the animals in the fiist gioup died within 43 hours, one 
suivivcd 180 houis The foui animals in the second gioup died within 38 
to 73 houis In each case the blood uiea was maikedly elevated, the maximum 
being 453 mg pei cent The postmoitem findings w r ere pericardial liemor- 
lliages, fatty infiltiation of the liver, acute inflammation of the gastro-mtestinal 
mucosa, and bloody fluid in the pci itoneal cavity These authoi s likewise con- 
cluded that the kidney seci etes a poison 

Endeilen, Zukschwert, and Feuchl 22 pieceded the opeiation of a unilateial 
uieter-vein anastomosis by a penod of eight to ten days of complete obstruc- 
tion of the ureter to be anastomosed They then made a side-to-side anas- 
tomosis between the distended ureter and eithei the vena cava or the portal 
vein The longest survival aftei the vena cava anastomosis was ten days, 
and aftei the poital vein anastomosis, five days Jaundice was obseived in 
the animals of the fiist group but not in those with poital vein anastomoses 
An elevation of the blood piessuie was lepoited after each type of operation, 
but readings were not given Fatty changes in the livei ware not seen They 
concluded that the unne fiom a hydronephrotic kidney was less toxic than 
that from the noimal organ 

Sena, 23 - 24 in 1928, descnbed experiments with four dogs with a unilateral 
end-to-end anastomosis between the uieteral orifice and the iliac vein, and m 
which there was evidence at autopsy of free ui etei o-venous communication 
These animals ware weak and ate little but did not show the piofound post- 
opeiative depiession described by the previous authois The blood uiea was 
vanable and as a rule did not exceed 120 mg per cent They were saciificed 
aftei six to 18 days, and at necropsy slight or no hydronephrosis was found 
on the opeiated side Theie was evidence of inflammation about the anas- 
tomoses, and thrombi ware piesent, but watei forced into the uietei passed 
1 eadily into the lumen of the vein Sei ra did not believe that his data affoi ded 
evidence for the existence of a nephiogenic toxin as postulated by Brucke, but 
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that the changes in the liver and kidneys described could be attributed to the 
secretory vicious cucle 

Lozzi, 21 in 1932, leported that dogs, in which a patent uretero-venous 
anastomosis had been established on one side, regularly died m one to four 
days The period of survival was found to be somewhat longer when the 
urine was diamed into the poital vein than when the union was made with 
the iliac 01 femoral veins The nonprotem nitrogen of the blood usually rose 
to about no mg per cent Fatty infiltration of the livei and degenerative 
changes in the kidneys were commonly found at autopsy Although the data 
piesented by Lozzi lesemble Brucke’s results moie closely than those of Serra, 
Lozzi concluded that it was not necessai y to assume the existence of a nephro- 
genic toxin 

The problem suggested by the leports of Brucke and the others is of such 
fundamental importance that it seems surprising that it has not aroused more 
widespread interest If the experimental data are valid the conclusion that 
the kidney adds some highly toxic substance to the urine is inescapable Ex- 
cision of one kidney or ligation of one uretei does not pioduce a comparable 
effect A somewhat similar situation exists in the case of the biliai y secretion 
Ligation of the common bile duct may be tolerated fairly well for several 
weeks or even months, whereas, L R Dragstedt and Spurrier 20 (1929) found 
that deviation of the bile into the blood stream by anastomosis of the common 
bile duct and vena cava or poital vein caused death in about 24 hours 

Experimental Procedure — Healthy, adult male dogs were selected and 
all operations wei e performed under ether anesthesia and with aseptic precau- 
tions As m the previous experiments blood piessuie deteimmations were 
made by inseitmg a needle connected with a meicuiy manometer directly 
into the femoral artery The right ureter was divided and connected to the 
light lumbar vein by means of a small glass cannula The tip of the cannula 
was allowed to project into the lumen of the vena cava The posterior parietal 
peritoneum was closed over the anastomosis Four successful experiments 
were accomplished and the results were fanly uniform Recovery from the 
operation was prompt and there were no subsequent signs of toxemia To 
determine the functional capacity of the kidney on the opeiated side and the 
patency of the uietero-venous anastomosis, an intravenous pyelogram was made 
at various intervals after the operation The demonstration of contrast medium 
in the pelvis of the kidney roentgenologically was taken as evidence of the 
functional integrity of the organ and as an indication that the anastomosis 
was patent since complete obstruction to a uieter prevents the appearance of 
the radiopaque dye on the corresponding side 27, 28 The findings are sum- 
marized in the following protocols 

Dog No 5 — The preoperative blood pressure measured 130 Mm Hg 

Operation — The right ureter was sectioned and connected by a glass cannula with the right lumbar 
aein peritoneum closed o\er the anastomosis On the third day the general condition of the dog was 
good, the blood pressure was 130 Mm Hg , both kidney pelves were visualized roentgenologically after 
the intravenous injection of diodrast On the fourth day the NPN w r as 27 mg per cent, on the 
eleventh day 29 mg , and the blood pressure 120 Mm There were no symptoms of depression To obtain 
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iclditionil evidence is to the pitcncv of the unstomosis the right kidney wis exposed under ether 
mestbesn There vvis i nioderntc degree of hydronephrosis Ten cubic centimeters of i concentrated 
nqueous solution of methylene blue were injected into the right reml pelvis Blood simples were drawn 
from the femor il vein three five, md ten minutes liter md oxilitcd J lie phsnn of ill three specimens 
hid the greenish tinge which denotes the presence of methylene blue in the blood The dog was then 
hilled with ctbei I he region around the imstomosis vvis covered by i firm, clem seir, there was no 
evidence of leihige, md the peritoneum vvis normal The tip of the cumuli wis found to project into 
the lumen of the vein civi mil pressure on the light renal pelvis ciuscd urine to flow freely from 
the cannula There wis i modcritc right hvdroncjihiosis No fitly infiltration of the liver w is found, 
md microscopic sections of the kidneys were nornnl 

Dog No 6 — The control blood pressure vv is i to Mm Ilg 

Operation — The right ureter vvis connected with the lunibir vein bv i glass cannula Postoperative 
condition good N P N on the fourth d ly vvis 38 mg per cent On the eleventh day the blood pressure 
vvis no Mm Ilg , mil the pelves were visualized rocntgenologicillv after intravenous injection of diodrast 
The animal vvis found dead on the thirteenth d ly There wis i snnll collection of pus in the region 
of the anastomosis but no cv idencc of peritonitis The tip of the c lnnula projected into the lumen of the 
vena cava, there wis i modcritc right livdronephrosis, md pressure on the right renal pelvis caused 
urine to flow from the cannula The lungs were congested, md i small imount of blood tinged fluid 
was found in the pericardial civity I he liver md hidnevs were nornnl 

Dog No 7 — The control blood pressure wis 130 Mm Ilg 

Operation — The right ureter vvis connected with the lumbar vein by i glass cannula On the 
fifth day the blood pressure vvis 126 Mm , the NPN 29 mg per cent, md both hidnev pelves were 
visualized roentgcnologicilly ifter the intravenous injection of diodrast On the fourteenth day the 
NPN wis 31 mg per cent, md the kidney pelves were igun well visualized On the thirty seventh 
diy the blood pressure wis 120 Mm , the NPN 38 mg per cent, but the kidney pelvis on the side 
operated upon did not visualize ifter intravenous injection of diodrast The animal wis in excellent 
condition md vvis sacrificed bv electrocution There vvis 1 ill irked right livdronephrosis ind i stricture 
vvis found 111 the right ureter near its junction with the cannul 1 The cannula projected into the lumen of 
the vein civi ind pressure on the right reml pelvis causal i slight flow of clear urine The liver and 
kidneys were nornnl except for i slight dilatation of tile tubules of the kidney on the right side 

Dog No 8 — The control blood pressure w is 150 Mm Ilg 

Operation — The right ureter w is connected with the lumbir vein by 1 ghss cannula On the tenth 
diy tbe blood pressure vvis 130 Mm, ind the NPN 43 mg per cent On the eleventh div both 
kidney pelves visualized rocntgenologicillv ifter intravenous injection of diodrast On the twenty eighth 
day the blood pressure vv is 150 Mm, the N I'N 44 mg per cent, but the right hidnev pelvis did not 
visualize after intravenous injection of diodrist The animal wis in excellent health ind vvis sacrificed 
by electrocution Postmortem examination revealed i marked right livdronephrosis, the anastomosis 
vvis good, md on pressure on the right reml pelvis i snnll blood clot wis expressed followed by clear 
urine The liver and kidney sections were normil 

Discussion — The results following anastomosis of the unnaiy bladder 
with the lowei ileum in the piesent expenments weie similai to those reported 
by Bollman and Mann 18 following implantation of the ureteis into the lower 
intestine A toxic state was pioduced characlenzed by muscular -weakness, 
anorexia, and peisistent elevation of the nonpiotem nitiogen of the blood 
However, vomiting, piostration, and musculai twitclnngs, such as have been 
described, accompanying the uienna caused by ligation of the lenal arteries 
or by loentgen-ray damage to the kidneys, were not observed Degenerative 
changes in the kidneys, similar to those lepoited by Hartman 29 m the same 
type of expei iment, were found Hartman attnbuted these changes to the 
increase of the nonpiotem nitrogen of the blood The failure of these animals 
to develop arterial hypertension indicates, eithei that there is no piessoi 
substance excreted in the mine fiom normal kidneys, or, if so, it is not absoibed 
by the intestinal mucosa 

The repoits m the liteiatuie of piofound toxemia, elevation of the non- 
protein nitrogen of the blood, rise m aiterial blood pressure, and early death 
with degenerative changes in the liver and kidneys of dogs with unilateral 
ureter-vein anastomoses, were not confirmed m our experiments The ani- 
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mals suivived foi long periods, m good health, and no changes m the blood 
pi essure 01 blood chemistry were found Hydronephrosis on the side operated 
upon was found m all cases at autopsy, and was evident m the intravenous 
pyelograms The cause of this hydronephi osis is not clear It is not due to 
complete intei ference with the passage of urine into the blood stream since 
diodrast injected intravenously appeared m the pelvis of the kidney as late 
as 14 days aftei operation, but not thereafter Complete ureteial obstruction 
has been reported to prevent visualization of the conesponding kidney pelvis 
by this method 27 » 28 Additional evidence foi the patency of the anastomosis 
was obtained in Dog No 5 by injecting methylene blue into the right renal 
pelvis while the animal was under ethei anesthesia, then recovering methylene 
blue from the femoral vein three minutes later It is probable that the maxi- 
mum drainage of urine into the blood stieam took place during the first few 
days after the operation, and that this became gieatly diminished, or ceased 
altogether, in the course of several weeks The failure of these animals, there- 
fore, to display any signs of toxemia or elevation of blood pressure in the 
period immediately after the operation speaks against the assumption of a 
specific nephrogenic toxin and indicates that the possible pressor agent in 
renal hypertension is not a constituent of 1101 mal urine 

CONCLUSIONS 

(1) Dogs, 111 which a chronic paitial reabsorption of urine has been pro- 
duced by draining the urine fiom both kidneys into the terminal ileum, do 
not exhibit an elevation of aiterial blood pressure 

(2) The continued deviation of the urine fiom one kidney into the blood 
stream does not produce toxic symptoms or changes m the blood pressure 

(3) These experiments do not suppoit the theory of a specific nephrogenic 
toxin as suggested by Brucke and otheis 
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PRIMARY CARCINOMA OF THE URETER 

Charles C Higgins, M D 
Cleveland, Ohio 

FROM THE CLF\ ELAND CLINIC, CLEVELAND, OHIO 

Primary carcinoma of the ureter is a relatively rare malignant disease, 
although the number of articles on this subject which have appeared in recent 
years indicates that its occunence is increasing in frequency 01 it is being 
recognized moie often than was evident prior to 1920 

In 1841, Rayer 1 described the first case of primal y carcinoma of the 
ureter This was discovered at autopsy and no microscopic description of 
the tumor was given Wishing and Bhx, 2 111 1876, cited the first microscopic 
report of this condition, while Albarran, 3 in 1902, established the first veri- 
fied preoperative diagnosis and m a review of the hteratuie collected ten 
cases Meekei and McCaithy, 4 in 1922, included five cases from the litera- 
ture that had not previously been noted in collected series and added one 
of their own, bringing the total to 33 In 1924, Kietschmer 5 reviewed 34 
cases collected fiom the literature and added one of Ins own This numbei 
was increased to 50 111 1930 m a publication by Rousselot and Lamon c 
Spampmato 7 collected 88 cases in 1932, but no descnptions of some of the 
pathologic sections were given in certain instances so all these cases cannot 
be included m the collected series Scott, 8 111 1934, made a comprehensive 
and critical study of this subject, adding two cases of his own and reviewing 
59 reported in the literature In the same year, Lazarus 9 collected a series 
of 68 cases, including three of his own, but he did not include Spampinato’s 
report made two years previously Cases were also presented during this 
yeai by Colston 10 and Harrah, 11 and, m 1935, Hunter, 12 and Mathe and 
Pena 13 reported similar lesions In 1936, the collected series was increased 
by Hosel, 14 Counseller, 15 Gilbert, 16 and Taylor 17 In a review of the records 
of the Cleveland Clinic, five cases of primai y caicmomata of the ureter have 
been noted It is a striking fact that, as refinements have been made in 
uiologic diagnostic methods, the lesion has been obseived more frequently 
In 1896, Hektoen 18 was able to find m the literature only two references to 
malignancies in this location 

It is rather difficult to estimate the exact number of cases repoited in 
the literature due to the various terms which have been employed to classify 
the lesion, and the possibility that the growth may be metastatic or secondary 
to a tumor outside or elsewhere m the gemto-urmary tract However, as 
nearly as can be determined, approximately 86 collected cases are available 
for study at the present time, and the appended five case reports from the 
Cleveland Clinic series are added 


Submitted for publication January 10, 1938 
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CASE REPORTS 

Case i — A male, age 63, entered the Clinic in April, 1930, complaining of “kidney 
trouble” One year prcuous to our examination, be bad first obsened the presence of 
blood in the 111 me, which was not associated with pain, frequency, or burning The hema- 
turia persisted for several dajs and then was not noted again until six months later 
when it recurred, and pain was first experienced in the region of the right kidney 
At that time, a cystoscopic examination was performed elsewhere and the patient was 
told the bladder was normal, but that difficulty was encountered in passing a catheter 
up the right ureter 

Three months before he entered the Clime, gastric upsets occurred frequently, 
which were characterized by nausea, epigastric distress, and regurgitation of sour food 
No hematemesis or melena had been noted Examination of the stomach, by the 
fluoroscope, failed to reveal any gastric or duodenal lesion During the preceding >ear, 
since the first appearance of hematuria, the patient had lost 24 pounds in weight 

Physical Examination revealed a poorlv nourished man with evidence of loss in 
weight Temperature, 99 4 0 F , pulse, 76, blood pressure, 170/100 Examination of 
the heart revealed no abnormality except for frequent extras} stoics The peripheral 
vessels showed considerable sclerosis Palpation revealed no cudcnce of disease and 
there was no tenderness o\er either kidney or ureter ' 

Laboiatoiy Data — Ui analysis showed 1 plus albumin, 50 to 60 red blood cells, and 
eight to ten white blood cells per high power field The other laboratory examinations 
gave essentially normal findings 

Initial Rocntgcnogi ams revealed no evidence of pathology, and those of the chest 
and the pelvis were also negative 

Cystoscopic Examination revealed coarse trabeculations of the bladder The ureteral 
orifices were visualized and blood was seen issuing from tbc right ureteral orifice 
A ureteral catheter was passed, without obstruction, to tbe left kidne} pelvis, but 
catheterization of the right ureter met with an obstruction at a point approxiniatel) 
10 cm from the bladder By means of a Garccau catheter, sodium iodide was injected 
into the lower end of this ureter and a roentgenogram showed sacculation and obstruc- 
tion of the ureter at about the brim of the pelvis (Fig 1) 

Pi eopeiativc Diagnosis — The clinical impression was that the patient had either a 
primary tumor of the kidney with an implant in the low T er ureter or a primar} tumor 
of the ureter itself 

Opciation — April 29, 1930 A right nephrectomy and ureterectoni} was performed 
The kidney was small but the pelvis was markedly dilated The ureter w r as dissected down 
to the bladder and at the point at which the ureter crossed the iliac vessels, a firm tumor 
mass was found, which measured 4x2x2cm By careful dissection, this mass w r as 
freed from the vessels and the uretei w'as removed down to within 2 cm of the bladder 
Convalescence was uneventful and the patient was discharged from the hospital on the 
twelfth day following operation 

Pathologic Examination — Gioss The specimen consisted of a kidney and 14 crn 
the ureter The entire specimen weighed 120 Gm , the kidney showed a large, dilated, 
extrarenal pelvis and a primary carcinoma of the ureter 12 cm below the kidney The 
kidney was somewhat smaller than normal, measuring 8 5 cm in length, 5 cm trans- 
versely, and 3 cm in thickness Twelve centimeters below the kidney, the ureter en- 
larged into a nodular mass measuring 4 cm in length and 2 5 cm in diameter This 
mass was quite firm, immovable and was entirely surrounded by the ureter 

Mi ci oscoptc — A section of the kidney showed sclerosis and hyalinization of the 
glomeruli in all stages, with only a few scattered glomeruli that w r ere fairly w r ell 
preserved There was diffuse fibrosis of the cortex and medulla and diffuse and 
localized lymphocytic infiltration The larger aiteries showed a well marked thickening 
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of the ultima, with degenerative changes and lamination of the elastic coat The pehic 
mucosa showed no evidence of neoplasm 

A section of the ureter above the tumor revealed slight thickening of the wall , hyper- 
trophy of the muscular coat and an atrophic mucosa , dilatation of the submucous 
blood vessels , and slight inflammatory reaction 

Longitudinal sections through the ureteral tumor showed a papillomatous, epithelial 
growth involving the mucosa and infiltrating the submucosa, with very little evidence 



Fig i — Case i Right ureterogram showing sacculation and obstruction of the lower 
end of the ureter at about the brim of the pehis Ihe filling defect is irregular and suggests 
tumor of the ureter 


of invasion of the muscular coat (Fig 2) The papillary arrangement was best shown 
along the free border of the tumor where there were well defined fibrous and well 
vascularized central areas over the papillomatous growths These were quite edematous 
The tumor cells were fairly uniform in size, type, and staining They were polyhedral 
or large and spindle-shaped without glands or pearl formation Mitotic figures were 
fairly numerous A section of the ureter below the tumor showed a small patent lumen 
lined with normal ureteral mucosa, no thickening of the wall, and no neoplasm Exami- 
nation of the peripelvic lymph nodes showed extensive carcinomatous imasion similar 
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to that described above Pathologic Diagnosis — Papillary carcinoma of the ureter 
Subsequent Com sc — The patient died from metastases a few months after leaving 
the hospital 

Case 2 — A female, age 58, was seen at the Clime in December, 1923 Her chief 
complaint was of pain in the left renal legion and m the left hip and thigh The 
pain in the kidney region was sliaip at times and dull at other periods, and had become 
more troublesome dunng the two months previous to examination She had noted 
hematuria on several occasions One sister had died from carcinoma of the breast 
Physical Examination revealed marked tenderness in the suprapubic region, and a 
cord-like mass of tissue was palpated longitudinally, just lateral to the midhnc on the 
left side and spreading out before the lc\ el of the umbilicus was reached 

Initial Rocntgcnogiams of the gcmto-urinary tract did not reveal any suspicious 
shadows, and a pyelogram of the left side could not be secured 

Laboiatoiy Data — Examination of the urine showed albumin plus 2, and pus 
plus 2 R B C , 4,500,000 , WBC, 1 1,400 



Tic 2 — Case 1 Photomicrograph show 
ing papillary carcinoma of the ureter (Orig 
mal photo Xt5°) 



Tig 3 — Case 2 Photomicrograph show 
mg papillary carcinoma primary in the ureter 
(Onginal photo X150) 


Cysloscopic Examinations, of which several w’ere made, revealed a normal-appear- 
ing bladder, but an obstruction was encountcied about one inch above the ureteral 
orifice on the left side 

Diagnosis — Papillary carcinoma of the kidney pelvis with implant in the lower 
ureter or primary carcinoma of the left meter, nonopaque stone 

Opciation — The left ureter was found to be extremely dilated It was exposed 
down to the bladder, and at its lower part, approximately one inch above the bladder, 
there was a hard growth, not attached to the adjacent tissue The kidney, the ureter, 
and a small portion of the bladder were removed 

Pathologic Examination — Gi oss Showed that the growth was a papillary car- 
cinoma, primary 111 the ureter No tumoi was present in the kidney 

Mia oscopic — Showed a section of fibrous tissue, containing numerous lacunae, in 
which lay epithelial cells, some in masses and other in papillary rows The nuclei of 
these cells varied in size and were very vesicular (Fig 3) Pathologic Diagnosis 
Malignant papilloma of ureter 

Subsequent Cow sc — The patient died, appaiently from metastases, two years after 
operation 

Case 3 — A male, age 69, entered the Clinic in April, 1932, complaining of paw 
in the left lower abdomen, hematuria, and dyspnea These symptoms had begun 
about two years previously, during the pieceding month gravel had been passed W 
the urine Hematuria had first been noticed one year previously, but had not been 
present constantly There had been nocturia two to three times for the past two years 
Physical Examination showed a well nourished man, weighing 160 pounds Tem- 
perature 98° F , pulse, 90, blood pressure, 170/100 A loud systolic murmur at the 
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apex was transmitted toward the axilla Palpation revealed no abnormal organs but 
there was moderate tenderness on deep pressure over the region of the left kidney 
The prostate was enlarged, Grade 2, it was firm but not hard or fixed 

Laboiatoiy Data — RBC, 4,680,000, WBC, 9,800, Hb , 89 per cent The urine 
contained numerous red blood and a few pus cells Blood sugar, no mg per 100 cc , 
blood urea, 45 mg per 100 cc 

Initial Roentgenogi ams revealed no abnormal findings 




Fig 4 — Case 3 Intravenous urogram showing no evidence of visualization of the left kidney and 
ureter, with a large diverticulum of the bladder The total function was good 


Cystoscopic E\ animation revealed a large amount of bloody urine in the bladder 
In the region of the left ureteral orifice there was a large diverticulum The ureteral 
orifice could not be visualized and blood could be seen spurting out of the diverticulum 
An Inti avcnous Uiogiam showed the right kidney and ureter to be normal (Fig 4) 
The left kidney pelvis and the ureter were not visualized 

Diagnosis — Obstruction of left ureter due to tumor or nonopaque calculus 
Opeiation — A tumor was found in the left lower ureter about one inch above the 
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ureteral orifice which emptied into the divei ticulum Tlie lower ureter and the diverticu- 
lum were removed and the ureter reimplantcd into the bladder The patient died from 


pulmonary complications three days later 



Tig 5 — Case 3 Photomicrogr-iph show 
ing pritmrj circinonn of the ureter (Origin'll 
photo X150) 


r 


Pathologic E 1 a mutation — Mici oscopic 
Section of the tumor showed diffuse infiltration 
of the coats of the ureter In small and large 
solid masses of epithelial cells showing numer- 
ous mitotic figures and irregular nuclear dni- 
sions (Fig 5) 1 he neoplastic infiltration ex- 

tended from the mucous membrane, which w f as 
partialh destro\cd and replaced, to the ad\en- 
titia in some areas In the outer coat, chimps 
of tumor cells were present in the hmphatics 
Pathologic Diagnosis — Carcinoma of the 
left ureter, dncrticiilum of the bladder 

Case 4 — A female, age 55, came to the 
Clinic 111 Juh, 1933, complaining clucfli 
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of pain m the right renal area, hematuria and burning on urination which had been 
present for about two years The burning occurred at the end of urination, but the 
urine itself was red in color During the preceding few weeks, nocturia two or three 
times had been present 

Physical Examination revealed a well nourished woman, weighing 151 pounds 
Pulse, 90, temperature, 98° F , blood pressure, 140/85 No abdominal organs were 
palpable and no tenderness was elicited over either kidney On vaginal examination, 
a small, hard mass was palpable to the right of the cervix This mass felt like a calculus 
in the lower right ureter 

Laboiatoiy Data — RBC, 4,000,000, WBC, 8,200, Hb , 88 per cent Uranalysis 
showed faint traces of albumin, numerous pus cells, and a few red blood cells The 
Wassermann reaction was negative Blood urea, 36 mg per 100 cc 
Initial Roentgenogi am showed no abnormal findings 

Cystoscopic Examination revealed a tumoi about the size of a hulled hickory nut 
protruding from the right ureteral orifice The tumor was irregular and quite vascular, 
and was believed to be secondary to a tumor of the right kidney pelvis 

Inti avenotis Uiogiams visualized the left kidney, which appeared normal (Fig 6) 
The right kidney and ureter were not visualized 

Diagnosis — Primary carcinoma of the right ureter or implant from carcinoma of 
right kidney pelvis 

Opeiatton — October, 1934 The right kidney and ureter were removed 
Pathologic Examination — Mici oscopic 
Revealed a squamous cell carcinoma of the right 
ureter Section through the ureter and tumor 
mass showed some areas of normal mucosa, but 
in other areas the mucosa was replaced by 
tumor tissue, which consisted of solid masses 
of epithelial cells which did not form glands 
or pearls There was extensive infiltration 
by tumor cells, large areas of necrosis in the 
tumor, and a mild inflammatory reaction 
(Fig 7) Pathologic Diagnosis — Squamous 
cell carcinoma of the ureter 

Subsequent Com sc — The patient returned 
to the Clinic five months later, February, 1935, 
complaining of pelvic pain, and roentgenotherapy was instituted Her condition at that 
time was critical , no further word, however, has been heard from her 

Case 5 — A male, age 75, came to the Clinic, January 25, 1935, complaining of 
difficulty in urination, pain in the lower back, and vague pain m the region of the left 
kidney These symptoms had been present for about a year Three days before ad- 
mission, bright red blood had been passed in the urine Cystoscopic examination had 
been performed elsewhere, and the patient had been told that there was a mass in the 
lower left wall of the bladder The patient said he had lost approximately ten pounds 
in weight during the preceding year 

Physical Examination revealed a fairly well nourished man weighing 160 pounds 
Temperature, 986° F , pulse, 70, blood pressure, 150/90 The examination revealed 
no abnormalities aside from a Grade 2 enlargement of the prostate 

Laboiatoiy Data — RBC, 5,129,000, WBC, 11,000, Hb , 81 per cent The 
urine contained traces of albumin, 2 plus white blood cells, and 4 plus red blood cells 
Blood urea, 45 mg Wassermann reaction, negative 

Initial Roentgenogi ants shoved moderate hypertrophic changes m the lumbar 
spine 

Cystoscopic Examination — Two hundred cubic centimeters of residual urine were 

277 



Fig 7 — Case 4 Photomicrograph show 
ing squamous cell carcinoma of the ureter 
(Original photo X150) 



CHARLES C HIGGINS 


Annals of Surgery 
August l'H8 


withdrawn The bladder was carefully examined and no tumor was observed There 
was a median lobe elevation of the posterior commissural type and only slight lateral 
lobe intrusion On the left side, the catheter passed up the ureter about 6 cm , where it 
met a definite obstruction Some resistance to the passage of the catheter was also 
encountered on the right side, this caused severe pain On removing the catheters, a 
considerable quantit\ of bright red blood came from the left ureteral orifice 

Roentgenologic Examination — A p\clogr,un of the right kidnej showed a normal 



L_ 


Fig 8 — Case 5 Left ureterogram showing obstruction of the lower left ureter and 
dilatation at the upper portion of this obstruction There is some irregulantj suggesting tumor 
of the ureter 


pelvis The left lower ureter showed an obstruction and little dilatation at the upper 
portion of this obstruction There was some irregularity suggesting a tumor of the 
ureter (Fig 8) 

Diagnosis — Carcinoma of the left ureter 

Opei at ion — June 29, 1935 A nephro-ureterectomy was performed At about the 
junction of the lower and middle thirds of the ureter, a spongy mass was encountered 
This rvas not adherent to adjacent structuies, was soft in consistency, and measured 
3x1 5 cm , the ureter being dilated above the mass and appearing normal below it 
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Pathologic Examination — Gioss The specimen consisted of a kidney and ureter 
weighing 180 Gm The kidney measured 115x55x4 cm It was slightly enlarged and 
covered. by a thin capsule which stripped easily, leaving a smooth surface, except for 
the presence of two cysts on the posterior surface Vertical section through the kidney 
showed slight dilatation of the pelves and calices, considerable peripelvic fat, and no 
calculi or papillomatous growths 

The renal parenchyma was pale and cloudy There were no abscesses or tumor 
masses in the kidney The ureter was moderately dilated and the wall was thin There 
was a tumor mass in the ureter, with its center 12 cm below the ureteropelvic junction 
The tumor was 3 cm in length and involved the entire ureteral wall The surface of 
the tumor was granular and somewhat papillary 

Mici oscoptc Examination of a section of 
the ureter through the tumor showed a papil- 
lary carcinomatous grow th with extensive 
ulceration on the surface, infiltrating all the 
coats, perforating the muscular coat, and ex- 
tending into the adventitia (Fig 9) The 
tumor was made up of quite small, deeply 
staining cells of uniform type in which mitotic 
figures were fairly numerous Pathologic Diag- 
nosis — Primary papillary carcinoma of the left 
ureter 

Subsequent Com sc — The patient died 



from pneumonia four days after operation 
Postmortem examination revealed no evidence 
of metastases 


Fig 9 — Case 5 Photomicrograph show 
ing primary papillary carcinoma of the left 
ureter (Original photo X150) 


Age Incidence — The ages of the patients in this series of cases of pri- 
mary carcinoma of the meter were 63, 58, 69, 55, and 70 years, respectively 
The average age was 63 years, this being slightly higher than that reported 
m the literature In the 60 cases reviewed by Scott, 8 the ages of the patients 
averaged 55 7 yeais, the youngest patient being age 33, the oldest, 89 From 
a review of the literature, the disease is noted to occur with about equal 
frequency in the fifth, sixth, and seventh decades of life 

Sex Disti ibutwn — Carcinoma of the ureter occurs with about equal fre- 
quency 111 both sexes In this series, three patients were men and two were 
women The ratio in the 68 cases reviewed by Lazarus 9 was 32 women 
and 36 men 

Location of Grozvth — The right and left ureters are involved in about 
the same frequency In this senes, the right ureter was the site of the 
malignant lesion in two instances and the left ureter in thiee Scott 8 listed 
the site of the lesion in 61 cases, stating that the right uieter was involved 
m 34 and the left ureter in 27 cases In Lazarus’ 9 collected senes, 32 oc- 
curred in the right ureter and 33 in the left 

The upper third of the ureter is a lather uncommon site for this malignant 
lesion In our series, the tumor was in the lower one-third of the ureter 111 
three cases and 12 cm below the ureteropelvic junction in two cases In the 
series reviewed by Scott, the lower one-tlurd of the ureter was involved m 
57 per cent of the cases, and in only 11 of 61 cases was the upper one-third 
of the uretei the primary site of the tumor 
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Symptoms — Theie are no symptoms sufficiently chaiacteristic to suggest 
carcinoma of the uretei, but in a given case whcic the tnad of symptoms is 
present — pain, hematuiia, and tumor — its possibility must be considered All 
the patients whose cases aic piesented heie had had at least two of these 
symptoms In one case all tluce symptoms weie piesent, the tumor having 
been felt through the vagina as a haul mass in the region of the lower end 
of the right uietei Howevei, when such a tumoi is palpable, the possibility 
of a calculus in the lowei uretei 01 tubci culous involvement of the ureter must 
be consideied 

Pain — Pam occuis in fiom 60 to 65 pei cent of the cases Stewart 10 
states that tlnee types of pain may occui (1) Attacks of acute colic due 
to the passage of clots, (2) more constant pain due to uieteral obstruction, 
pioducing a dilatation of the lenal pelves, (3) sevcie 01 lancinating pain 111 
the lower lumbai and sacial regions caused by infiltration of the adjacent 
tissue by the malignant tumor itself In the lattci group the lesion is no 
longer confined to the uietei and the piognosis is, theiefoie, moie grave 

The patients 111 our senes complained of pain in the kidney legion, which 
was found to be due to a hydi oncphi osis caused by paitial obstruction of 
the uretei 

Hcmatuna is piobably the most important symptom of carcinoma of the 
meter It was piesent in all five patients seen at the Clc\ eland Clinic, and 
it occuried in 72 pci cent of the senes lcvicwcd by Scott Although the 
bleeding may be constant, mteivals of ficedom fiom gross hcmatuna may 
occur The piesence of clots of blood may also be noted b) the patient 
The bleeding was more pronounced in our senes when the lesion w r as a 
papillaiy caicinoma, and less evident in the patient w r ith the squamous cell 
caicinoma of the uietei 

Tumoi — In about 45 pei cent of the cases lecouled 111 the hteiature, a 
palpable mass w^as piesent in the lenal aiea The most fiequent cause of 
the mass was a hydioneplnosis of the kidney In some of the cases, the 
growth in the uretei may be detected by abdominal palpation (Case 2 of 
this senes) Similaily the tumoi may be palpable upon vaginal examination, 
as occui led in Case 4 

Coexisting symptoms not directly lefciable to the malignant giowth itself 
may be piesent In one patient, symptoms of obstiuction of the vesical neck 
due to prostatic hypeitiophy w r eie piesent Dyspnea, fiequency, loss of 
weight, or passage of gravel may be additional symptoms 

Diagnosis — The final diagnosis is arnved at by caieful uiologic study 
Of especial value ai e the findings of cystoscopic and the 1 oentgenologic exam- 
inations In some instances, it is impossible to make a definite diagnosis, 
and 111 62 pei cent of the leviewed senes repoited by Lazaius, 9 the diagnosis 
of uietei al tumor was not even suspected befoie opeiation 01 necropsy 

Cystoscopic examination may show blood coming from the uietei al oiifice 
01, aftei the passage of a uietei al cathetei, piofuse bleeding may follow r its 
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removal This provocative type of bleeding was descnbed by Chevassu and 
Mock, 20 m 1912 However, it may also occur following vaginal examination 
in cases where the tumor occupies a position low in the ureter 

Small tumors, implants fi om the parent tumor in the ureter, may be pi es- 
ent about the uieteial orifice, or the small tumor may actually protiude fiom 
the orifice itself The possibility of a tumor of the lenal pelvis with im- 
plantation of a secondary tumor m the lower ureter must be consideied in 
these cases If letiograde pyelography or an intravenous urogram shows 
absence of a filling defect m the kidney pelvis, the lesion is probably due to 
a pnmaiy tumoi of the ureter 

A persistent filling defect in the ureter, as visualized by a pyelo-uretei o- 
giam, is probably the most pathognomonic of all findings Dilatation of the 
meter above the filling defect with a hydionephrosis and absence of a filling 
defect m the kidney pelvis, form a strong inference that the lesion is primary 
m the uietei This may be simulated by nonopaque stones 01 extralummaiy 
pressure upon the uretei, but the differentiation is usually possible In- 
travenous urography is valuable m instances in which the obstiuction pie- 
vents the passage of a uretei al catheter to the kidney pelvis, and it is also 
of value m detei mining if the obstruction is due to a stnctuie of the uietei 
A number of the recent reports in the literatuie include those m which a 
collect diagnosis was established before operation These diagnoses weie 
laigely made by coirectly mterpietmg the roentgenogi ams Hariah 11 has 
lecently presented an excellent discussion of these roentgenologic findings, 
while othei authors who have established an accuiate preopeiative diagnosis 
of carcinoma of the uietei and have discussed the subject include Davis and 
Sachs, 21 Playei, 22 and Giuneberg 23 Tayloi 17 also presented two cases, in 
the fiist of which a probable diagnosis was made because of the piesence of 
a tumoi 111 the ureteral orifice, and in the second case it was made because 
of a filling defect shown on the ureterogram 

Thus by caieful physical examination and the employment of cystoscopic 
examination, letiogiade pyelogiaphy, and intravenous urography, a diagnosis 
may often be established pnor to operation 

Tieatment — The opeiation of choice is complete nephro-ui eterectomy 
and lemoval of a small cuff of bladder about the ureteral orifice Some- 
times it is necessary to lemove a larger portion of the bladder if the tumor 
occupies a position m the lower uretei in close proximity to the bladder 
At times a radical piocedure may not be justifiable, due to the poor gen- 
eial condition of the patient, 01 m some instances the function of the opposite 
kidney may be so impaued that to sacnfice the kidney on the involved side 
■would subject the patient to considerable postopeiative risk In such in- 
stances, the involved uretei may be removed first, followed later by a 
nephrectomy, if the othei kidney functions well, or by a nephi ostomy if 
indicated by poor function of the other kidney 

When the tumoi is m the uppei or middle thud of the ureter, I beliere 

281 



CHARLES C HIGGINS 


AnnalsofSursery 
August 1038 


the latter should be icmoved in its entnety, as implants may be present in 
the lowei uietei While some authois have recommended less radical pro- 
ceduies foi tumors in this situation, I believe they aie raiely indicated Each 
patient must be individualized and the proceduie instituted which is com- 
patible with the pieoperative study of the renal function and the general 
condition of the patient 

Postopeiative 1 oentgenothei apy is admimsteied foi, even at the time of 
opeiation, it may be impossible to asceitain definitely if the involvement of 
the adjacent lymphatics has occuiied 

Results — Caicinoma of the meter is most chscoui aging from the stand- 
points of piognosis and piospects of a cuie The postopeiative mortality is 
high, appi oximately 25 per cent in the collected series Scott 8 has empha- 
sized this and pointed out the high incidence of shock following nephro- 
uietciectomy Two of the five patients in 0111 series died fiom pulmonary 
complications within a few days after operation One patient had a recur- 
lence of the giowth, and a mass was palpable in the left inguinal region seven 
months latei The patient died fiom metaslases one year and four months 
aftei suigical intei vcntion 

The fouith patient letuincd in pool physical condition, several months 
aftei nepln o-ui etereclomy (Case 1) Metastases -were piesent No further 
lepoits could be secuied fiom follow-up letteis after this visit The patient 
piobably died fiom metastases The fifth patient died from metastases vitlun 
one yeai aftei opeiation (Case 2) 

A laige majority of patients with caicinoma of the ureter die within two 
yeais aftei suigical lemoval of the kidney and mctei In most cases, the 
lesion is well advanced when the patient seeks surgical lelief, and regional 
metastases, or recunences following opeiative mtei vention, develop in most 
instances 

Scott, in a careful follow-up study 7 of the cases rej)oi ted in the htei ature, 
found only two patients alive and well moie than five y'eais aftei opeiation 
One patient reported by ICiaft, 24 in 1922, was well 11 years following nephro- 
111 etei ectomy for a papillaiy growth of the uretei A patient repoited by 
Crance and Kmckerbockei 25 was still living eight y r eais aftei nephi o-ui eter- 
ectomy for an epithelioma of the lower portion of the 1 lght ureter 

Hunter, 20 in his discussion of McCown’s paper, published in 193 °* stated 
he had opeiated upon one patient with caicinoma of the lowei meter, is - 
moving the involved poition, and the patient was well and showed no signs 
of lecuirence four years latei 

As stated previously, all the patients opeiated upon in this series died 
within a peuod of two and one-half years following operation 

Pathology — The most frequent type of primal y caicinoma occmimg m 
the meter is papillary carcinoma In this series three tumois were classified 
as papillary caicinomata, one as carcinoma, and one as squamous cell carci- 
noma About 40 per cent of the cases repoited in the htei ature are grouped 
under the heading of papillary carcinomata In the collected senes reported 
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by Scott, 36 of the 61 cases were reported to have been of this type The 
nonpapillary group have been classified as squamous cell carcinoma, sen rhous 
and encephaloid caicmoma, medullaiy carcinoma, carcinoma solidum, and 
various other groupings 

Metastases are frequently observed, and involvement of the regional lymph 
nodes was noted at the time of operation, or at necropsy following operation, 
in 48 per cent of cases While it has been stated that metastases may occur 
early, it must also be recalled that the lesion may be present for a considerable 
period of time befoie a diagnosis is established and operative intervention 
instituted Metastases may occur by lymphatic extension 01 by the blood 
stream, the 1 etroperitoneal lymphatics being the most frequent avenue of 
extension Scott illustrated a case m which a small thiombus mass of tumor 
cells was found m the vena cava 

Thus, although at operation the tumor seems confined to the ureter, the 
possibility of metastases must be considered and the piognosis guarded 

CONCLUSIONS 

(1) Five cases of primary carcinoma of the ureter, verified by operation 
and pathologic study, are repoited 

(2) Caicmoma of the ureter, although rare, is being observed and re- 
ported with increasing frequency 

(3) The prognosis in carcinoma of the ureter is grave 

(4) Diagnosis is accomplished by cystoscopic examination and roentgen- 
ologic study 

(5) The tieatment of choice is nephi o-ureterectomy followed by roentgen- 
otherapy 

(6) Papillary carcinoma is the type of growth most frequently encoun- 
tered m the ureter 
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THE FATE OF TENDON, FASCIA AND ELASTIC CONNECTIVE 
TISSUE TRANSPLANTED INTO BONE* 

Graham Kernwein, MD , John Fahey, MD , and 
Monroe Garrison, M D 
Chicago, III 

FROM THE DEPARTMENT OF SURGER1, THE ERSITY OF CHICAGO, CIIICAGO, ILL 

Connective tissue in an altered environment may undergo metaplasia 
It was demonstrated by Neuhof 1 that if a defect in the urinary bladdei of 
the dog is patched with fascia and by Huggins 2 that if urinary bladder 
epithelium is transplanted to fascia, the urinary epithelium piohferates at 
the cut margins and stimulates bone formation on the part of the fascia 
Bui man and Umansky, 3 also, have demonstrated in rabbits that penosteum 
transplanted about tendon foims a scar which undeigoes partial ossification 
This raises the question whether connective tissues transplanted into bone 
may not undeigo ossification in this abnormal environment 

It is also of practical impoitance to know the method of anchoiage of 
tendon and fascia when they are inserted into bone in operative proceduies 
Finn anchoiage is known to follow such implantations but Gallie 4 has also 
leported some failures, both in human cases and in experimental animals 
Experimental Procedures — Three types of tissue — tendon, fascia lata, 01 
white fibious connective tissue and ligamentum nuchae or elastic connective 
tissue — were tiansplanted into bone by the following technic Undei aseptic 
conditions, either the tibia in rabbits or the femur m dogs was exposed, and 
using a drill, a canal was made through the bone, the soft tissue transplant 
pulled tluough and its ends approximated and sutured together with fine 
silk In a few cases fascia was inserted into the medullary cavity thiough a 
window m the coitex The animals were then sacrificed at mteivals rang- 
ing from 60 to 391 days 111 groups of three so that compaiative studies could 
be made of the various soft tissues 

Experiment No 219 — Fascial Ti ansplant (dog) — duration 60 days The section 
is cut so as to include both drill-holes and show the fascial transplant passing trans- 
versely completely across the femur at this level A narrow trabeculum of newly formed 
bone lies in contact with both surfaces of the fascia, separating it from the medullary 
cavity except in the very center Here there are interruptions in the bony continuity and 
marrow tissues streaming through in places and invading the fascia There is thus 
formed a highly cellular strip about the periphery with round cells, immature fibroblasts 
and blood vessels present in large numbers The central portion of the fascia is markedly 
hvalmized and only occasional long thin nuclei are seen 

Where the fascia passes through one of the drill-holes, osteoblasts are seen m- 

’’ Read before Chicago Surgical Society, January 7, 1938, Chicago, 111 Submitted 
for publication January 20, 1938 

A part of this work done on a grant from the Douglas Smith Foundation for 
Medical Research 
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vadmg the fascia and replacing it with hone, while at the other defect of the cortex 
a thin layer of bone covers the ends transxcrscly and there is a thick layer of richly 
ecllnlai fibrous tissue between this and the remnant of old fascia at the central por- 
tion (Fig i) 

Experiment No 279 — 7 endon 7 t ansplant (rabbit) — duration 54 days The tendon 
cut in cross-section is seen lung 111 the medullar) cautj bordered on one side by a 
semicirculai laiei of new bone and on the other side by marrow' tissue In a part of 
the poition bordeied by manow thcic is a richly cellular layer, mostly fibroblasts 
which are lmadmg and replacing the fascia 'I lie central portion of the tendon is 
mostly hyahnized and rclatixcly acellular There is no metaplasia present and replace- 
ment of the tendon by bone is minimal 

Experiment No 424 — ■Liganicnlum Nuchac (dog) — dotation 63 days There are 
fixe sections which include both cortical defects and show the ligamcntuin nuchae trans- 
plant at various lex els and extending trans\erscl\ across the femur Newly fdrmed 
bone coxers the surface of the transplant throughout I lie regions of contact between 
ligament and bone 111 some places hate osteoblasts which are linadmg and replacing 
the ligament with new bone, 111 other places flame-like streaks of new' bone extended 
out into the ligament and are comerting it into new bone bv a process of metaplasia 
(Fig 2) Contrail) the ligament is densclx hyalimzcd At the point where the ligament 
passes through the cortex it has been largelv ossified 

Experiment No 281 — 7 endon 7 tansplant (rabbit) — duration 86 da) s The section 
passes obhcpich through one drill-hole This is parth occupied by tendon which is cut 
obliquely Extcrnall) it reaches a short distance bexond the cortex and internally it 
ends just short of the medullan canal Marrow tissues protrude from the medulla to 
fill the inner portion of the drill-hole A la)cr of new bone has formed from the wall 
on cither side to fill about one-half the diameter of the drill-hole The rest is occupied 
b) tendon The peripheral portion of the tendon consists of a relatixcly acellular cosin 
staining fibrillar tissue T he central portion contains a streak of new bone the lamellae 
of which run longitudinally and contain cells arranged Iongitudmalh in rows (Fig 3) 
At one end and along the sides this bone island seems to be growung b\ the formation 
of new' bone from osteoblasts In the center is a marrow space occupied b) fibroblasts 
and a few' hemapoictic cells 

This atypical bone has formed as a result of metaplasia of this tendon and has no 
connection with the bone formed from the cortex about the margins of the drill-hole 
It is analogous to tendon ossification seen regularly 111 the feet of fowl and sometimes 
in man 

Experiment No 523 — Tendon T) ansplant (dog) — duration 1 1 5 davs The tendon 
is hyahnized centrally (Fig 4) There is a h)perplasia of the osteoblasts along the 
border of contact of cortical bone with tendon as w’ell as considerable ossification of 
the lichly cellular connective tissue along this junction Where the tendon lies in the 
medullary portion, there is no new bone formation except along the border of contact 
of tendon with encompassing bone Here there is seen a richly cellular tissue but only 
a very slight amount of ossification 

Experiment No 275 — Tendon Transplant (rabbit) — duration 102 days The cen- 
tral portion of the tendon is densely hyahnized Peripherally there is invasion by a 
richly cellular connective tissue w'lth many round cells and a few r giant cells Focally. 
regions of new bone formation extend out from the wall, and, encroaching upon the 
tendon, encapsulate and replace portions of it At one perforation in the cortex the 
tendon is largely replaced by new bone and that which remains appears alive peripherally 
and hyahnized centrally 

Experiment No 62 — Fascial Transplant (dog) — duration 124 days The trans- 
plant lies dormant in the medullary cavity and is surrounded by a layer of new bone 
It is densely hyahnized except for a narrow strip about the periphery In some places 
osteoblasts may be seen invading and replacing the tendon with new bone A piece 0 
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™er2° 8 TISSUE TRANSPLANTS IN BONE 

silk entirely surrounded by new bone attests the complete ossification of the tendon 
which accompanied it (Fig 5) Near by several tongues of collagen fibers extend into 
the bone, resembling Sharpey’s fibers, and appear to be undergoing metaplasia into bone 

Experiment No 109 — Ligamentum Nuchae (dog) — duration 131 days Four sec- 
tions show the ligament cut in cross-section and lying at a level where cortex and 
medullary cavity meet Ihe transplant is completely surrounded bj new bone and 
for the most part appears to be lying dormant From one side, however, there is a 
flame-like extension of ossification from the cortex into the ligament in the direction 
of the latter’s fibers, and collagen fibers are seen passing from the nonossified into ossi- 
fied regions where they are undergoing metaplasia into bone (Fig 6) 

Experiment No 33 — Fascial Transplant (dog) — duration 133 days One section 
shows the fascial transplant lying in the medullary canal surrounded by a thin shell 
of new bone Peripherally, marrow tissues stream through interruptions in the bony 
shell and form a richly cellular and vascular layer, centrally the transplant is densely 
hyalinized 

The other sections are at a level where the window in the cortex remains open 
Strands of silk suture entirely surrounded by new bone attest the complete replacement 
of the accompanying fascia by bone Focally, about the periphery of the transplant 
there are regions of active replacement of fascia by bone No metaplasia is present in 
the medullary area In the cortical portion the transplant has been completely replaced 
by bone It is, therefore, impossible to say whether or not there was an> metaplasia 
in this region 

Experiment No 151 — Ligamentum Nuchae (dog) — duration 158 days The trans- 
plant is largely hyalinized with only widely separated nuclei present In the medullary 
region it lies dormant, surrounded by a shell of new bone, with only focal regions where 
osteoblasts may be seen invading and replacing it In the cortical area large portions 
of the ligament have been completely replaced by bone, only isolated individual strands 
of silk remaining In places collagen fibers extend from the nonossified into the ossified 
areas and flame-like projections of bone extend out into the ligament and appear to 
be transforming it into bone This latter is again an example of metaplasia of hga- 
mentum nuchae into bone 

Experiment No 102 — Ligamentum Nuchae (dog) — duration 291 days The cortical 
defect is practically closed In the medullary cavity the hyalinized transplant appears to 
be lying dormant and is only partially covered by a thin shell of bone (Fig 7) No new 
bone formation is seen 

Experiment No 461 — Tendon Transplant (dog) — duration 391 days A transplanta- 
tion of the biceps tendon through the humeral head was performed The tendon has been 
almost completely replaced by a richly cellular and vascular connective tissue Through- 
out one sees focal areas of replacement of this tissue by new bone There is no 
metaplasia 

Experiment No 7x5 — Tendon Transplant into Cancellous Bone (dog) — duration 
seven months The tendon is completely surrounded by bone The junction of tendon with 
bone blends gradually one into the other through a richly cellular connective tissue 
which is being ossified by osteoblasts invading from the periphery (Fig 8) 

Discussion — Connective tissue of three types was transplanted into drill- 
holes in the bones of 67 animals, 13 of which experiments are herewith 
leported 

The trauma of the drill created conditions locally in the bone which 
closely simulated those present 111 a fracture except that its supporting func- 
tion was not 1 educed There was a hemorrhage with organization of the 
clot by fibroblasts and the formation of osteoblasts which 111 turn formed a 
bony wall about the transplant 
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Due to a lack of nouiishment the transplants joutmely undenvent more 
or less letiogiessive changes These weie charactei ized by an increase in 
the lelative amount of collagen fibeis piesent and a decrease m the number 
as well as the staining quality of the cells 1 he cells appeal to be in a lestmg 
01 “hibernating” state Pei lphei ally whcie the blood supply bad been ices- 
tablished theie was a densely cellular layei Most of these cells had invaded 
the tiansplant along with the blood vessels fiom the mairow but many w r eie 
undoubtedly revived, so-called “hibernating” cells descubed above 

Theie w r as a maiked diffeience in the icaction of the medullaiy tissues, 
as compared with the coilical, tow aid the tiansplant In the medullaiy region 
the transplant, w r alled oil fiom the manow by a thin bony septum, umvei sally 
appealed to be lying doimant (Fig 7) In the coitical region the reaction 
w^as chaiactenzed by an ossification of the tiansplant The ossification of 
all three types of soft tissue transplants w^as by two entirel) dififeient methods 
The one w r as an invasion of the tiansplant by osteoblasts which formed 
bone and then replaced the soft tissue (Figs 1, 2 and 4) . the otliei appealed 
to be a true metaplasia (Figs 2, 5 and 6) 

CONCLUSIONS 

(1) Ligamentum nuchae, tendons and fascia lata of both dogs and lab- 
bits when tiansplanted into bone suffeied nutritional distui bailees but re- 
mained viable and tended slowdy to become ossified 

(2) The ossification of the tiansplant w'as most marked in the coitical 
area, being only minimal in the medullaiy poition 

(3) Ossification of the soft tissue tiansplants occuired in two ways 
(1) Replacement by invading osteoblasts wduch foimed bone, and (2) by 
metaplasia 

(4) The firm anchoiage obtained by passing the tendon thiough drill- 
holes in bones is due to then giadual ossification and mcoi poration in the 
bone 

( 5 ) Lack of function had no demonstiable effect on the above changes 
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AN EVALUATION OF EXCISION IN THE TREATMENT OF 
UNUNITED FRACTURE OF THE CARPAL SCAPHOID 

(NAVICULAR) BONE 

Arthur J Davidson, M D , and M Thomas Horwitz, M D 

Philadelphia, Pa 

The progiess m the successful tieatment of fiacture of the caipal scaphoid 
(navicular) bone during the past decade has been unique Where nonunion 
was formerly invariably anticipated, union is now obtained by proper con- 
servative measures in a high percentage of cases, largely due to the teachings of 
Beilin , 1 Soto-Hall and Haldeman , 2 Bohler , 3 Watson- Jones 4 and others How- 
ever, despite the success of these alteied concepts, a small but definite percent- 
age of mti a-articular fiactures of the carpal scaphoid, through 01 proximal to 
the waist, fail to unite In addition, because many “sprained wrists” are inade- 
quately investigated, and because 1 oentgenogi aphic findings m recent cases ai e 
often indefinite 01 absent, many fiactured scaphoids remain undiagnosed until 
11 reparable damage has occurred 

The factors that lead to nonunion are piobably a combination of incomplete 
1 eduction, inadequate fixation and disturbed blood supply Yet, fai too often, 
nonunion is seen to occui despite accurate and piolonged immobilization, while, 
on occasion, union will take place in the presence of considerable aseptic 
neciosis of the bony fiagments The studies of Johnson 5 and Speed 0 contradict 
the suspected lytic effect of synovial fluid as a cause of nonunion in these intra- 
articular fractures, while open reductions have repeatedly failed to substantiate 
the contention that the dorsal capsule becomes mtei posed between the frag- 
ments 

These patients evidence painful disability of the affected wnst, tenderness 
in the region of the scaphoid, restnction of motion, especially of doisiflexion 
and ladial deviation, weakness of the gup and atrophy of the foiearm mus- 
culature 

Roentgenologic studies leveal varying degrees of scleiosis and poiosis, fiag- 
mentation and vacuolization of the fracture fragments The site of pseudarthro- 
sis is accentuated by scleiosis of the adjacent bony margins and surioundmg 
osteitis, changes foimerly ascribed by Preisei 7 to a distinct disease entity com- 
plicated by fi actui e, but now considered as bony changes subsequent to trauma 
and fiacture New bone (exostosis) formation, especially at the lower aiticular 
ladial surface, appears m one to two yeais 

Such definite 1 oentgenogi aphic findings, m the piesence of positne clinical 
signs and a tiaumatic histoiy, serve to exclude bipartite scaphoid, an mfie- 
quent developmental anomaly reported by several authors , 8 and seen b) us once 
m 200 anatomic specimens 

Submitted for publication November 29, 1937 
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Cases with delayed or early nonunion have been successfully treated by 
Bohler with prolonged fixation for six to eight months with nonpadded plastei 
bandages extending from the base of the fingers to the upper forearm, in- 
cluding the thumb, and with the wrist hypercxtended and in ulnar deviation 
Reports of satisfactory union in neglected, ununited cases have followed 
the use of subcutaneous, multiple drillings across the fracture site under fluoro- 
scopic control, as advocated by Schnek 0 of Bohler’s Clinic, employing Beck’s 
method of drilling, and by Soto-Hall and Iialdetnan, 2 who recommend this 
drilling procedure after exposure and cuiettage of the fractuie site 

The use of an autogenous bone graft or peg, as utilized independently by 
Adams and Leonard 10 and Smith, 11 has been popularized by Murray, 1 - 2 
Burnett 13 and others Murtay claims to have obtained osseous union in 16 
cases of delayed or ununited carpal scaphoid fiactuie while Burnett, reporting 
satisfactory results, admits obvious fibrous union (roentgenogiaphically) in 
most of his cases 

The increasing hteratuie on these newer forms of therapy has seived to 
place the operative piocedure of total excision in disiepute Excision, not- 
withstanding, has a very definite place, for it is still the operation of choice in 
(i) Fractures that aie lrieducible even following open reduction, (2) badly 
comminuted fractures of the scaphoid, especially those associated with othei 
injuries of the wrist, as a dislocated semilunar bone, and (3) neglected cases 
of nonunion with marked and irreparable degeneration of the bony fiagments 

In addition, we have the temerity, although quite cognizant of the value 
of the drilling and bone-giaft procedures, to recommend total excision in cases 
that show obvious nonunion and peisistent disability, following a fair, but not 
too prolonged conservative regimen, wdiere the economic status of the patient, 
his livelihood, and the medico-legal aspects of Ins case, require eaily return to 
work Early excision will result in a normally functioning and painless wi 1st, 
with little or no defoimity and the element of possible failure that accompanies 
prolonged conservative tieatment and eithei the drilling 01 bone-giaft opera- 
tions, is obviated 

If total excision is delayed (and it has usually been lesoited to only as a 
late or ultimate measure), the efficiency of the procedure diminishes pro- 
portionately, due to the development of secondaiy arthiitic and peiiarthritic 
changes, yet even in these late cases one may anticipate relief of pain and 
functional improvement 

The attitude of some insurance companies and compensation gioups, that 
excision of the carpal scaphoid is a very disabling piocedure 111 itself, is un- 
warranted The tendency to teimmate these ununited cases Avith “lump-sum 
settlements” is especially injurious to the patient himself, who, left on his 
own, often fails to seek pioper medical care and becomes a liability to his 
community 

We recommend total and not partial excision The latter pioceduie, 
advocated by some authois in the belief that undue deformity might thereby be 
prevented, often results in continued disability The scaphoid bone is removed 
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DAVIDSON AND IIORWI1Z 


AnnalsofSurEcry 
A ii Bust l')>8 


thiough a small incision, two inches in length, on the cloisum of the wrist, 
made directly lateial and paiallel to the tendon of the extensoi pollicis longus, 
and earned deeply to the bone, with the longus tendon retracted medialwaid 
The capsule is split, and the caipal fiagments lemovcd completely by sharp 
dissection, caie being taken not to liaumatize the adjacent cartilaginous 
sin faces A cnculai plaster bandage 01 volar splint is applied with the hand 
m ulnai deviation and slight doisiflexion for seven to ten days until acute 
manifestations have subsided and theieaftei, motion is encouiaged 

Analysis of Cases — To substantiate these contentions, a follow-up study of 
eight cases of excision, seven total and one pai tial, is herewith presented Two 
additional cases of total excision are excluded because of insufficient data 
Thiee of the cases aie presented bj couites) of Di Geoige P Muller, fiom 
his seivice lccouls at Jeffeison Hospital, and one fiom the private records of 
Di Lynn Rankin The cases m this series have either been recently examined 
or contacted thiough a questionnau e 

Our expei lence with the chilling-bone graft pioceduic has been limited to 
two cases One, an instance of nonunion of two vears’ duiation failed to unite 
without impi ovement, while the othci, of eight months’ duration, secured boil) 
union but continued to complain of some pain and disability 

The eight cases of ununited caipal scaphoid were all males, then ages 
varying fiom 21 to 49 All had sustained seveie injuries to the w r nst, five on 
the left side and tin ee on the 1 lght , and none had had the benefits of an efficient 
conservative regimen The duiation from the tune of mjuiy varied fiom four 
months m one, to six months in tw r o, 20 months in one, tw r o yeais in two, 
tlnee years and seven yeais m one each 

All complained of pain, limitation of wrist motion, and disability, and all 
evidenced some restriction of motion, especially doisiflexion and ladial devia- 
tion, swelling, tenderness in the anatomic snuft-box, and atrophy of the fore- 
arm muscles 

The l oentgenograms showed definite pseudaitlnosis m each case, with 
varying degrees of scleiosis, vacuolization and fragmentation, the degree of 
degeneiative and proliferative changes increasing with the duration of the 
nonunion 

Total excision was pei formed 111 all but the oldest case of seven years’ 
duiation, six months ago m one, and fiom five to 15 yeais ago in the 
remainder 

The results in five cases aie considered veiy good 01 excellent with regard 
to anatomic, functional and economic 1 estoi ation These patients have no pain 
or tenderness and have returned to their formei 01 similar occupations with 
normally functioning waists One patient has continued his professional box- 
ing They show little or no limitation 111 wnst motion, nor is there any clinical 
evidence of anatomic deformity, although postopei ative roentgenologic studies 
in two cases show r slight radial deviation of the w r rist, as the multangular bones 
tend to paitially occupy the space left by the extirpated scaphoid 

It is of interest that one of these successful results, a nonunion of 20 months’ 
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duration, had been compensated foi “total disability” pnoi to opeiation as a 
Clime patient, and that another, who had complained of continued disability 
following excision, had expenenced a complete lecovery immediately following 
a substantial settlement 

The results m two cases, each with nonunion of two yeais' duiation, aie 
considered as good These patients have no pam 01 tenderness and, despite 
moderate restriction of motion, have useful wrists Both cases showed con- 
siderable disability prior to opeiation with 1 oentgenogi aphic evidence of com- 
plicating osteo-aithntis, and both are satisfied with then lesults 

One case, an instance of nonunion of seven yeais’ duiation, with painful 
disability and with roentgenologic evidence of advanced osteo-arthiitis com- 
plicating the pseudaithrosis, had had a partial excision with only model ate 
lelief of pam and with peisistmg impanment of function This result is 
classed as a poor one 


CONCLUSIONS 

The opeiation of total excision must be consideied m the lational theiapy 
of unumted fracture of the caipal scaphoid (navicular) bone When utilized 
early, before secondaiy arthritic and penai thi ltic changes take place, a ven 
satisfactory result with legard to anatomic, functional and economic lecovery 
may be anticipated 
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THE OSSEOUS SYSTEM IN HODGKIN’S DISEASE 

H\ man S Abrams, MD 
Tuscaloosa, Ala 

FROM TltE RA.DtA.TlOV THERArA DFPARTAIEVT OF TI1F RROOKLA N CANCFR INHTITOTF RROOKI YN, V 1 
DR IRA I KArLAN, DIRICTOR, AND DR AVILLIAMI HOMES CLINIC At DIRrCTOR 

Involvement of bone in Hodgkin’s disease is no longer to be regarded 
as being so raie that it should be considered of comparatively little impor- 
tance There is still a gieat tendency to refer all symptoms to lymphatic 
involvement and only as a last lesoit to investigate the osseous system 

The writer has been unable to find any comprehensive statistics regarding 
incidence This is due to the relatively infrequent osseous studies which 
have been made, and also to the teiminology currently used Particularly 
confusing is the inclusion of the leukemias, lymphosarcoma and Hodgkin’s 
disease under the classification of lymphoblastoma, since the roentgenologic 
appearance of all may be very similar Review of the literature reveals wide 
variation About io per cent incidence is reported by some, while others 
believe it to occur, at some time in the course of the disease, in ioo per cent 
Symmers 17 found osseous changes in seven of his 15 cases, or 4 66 per cent, 
while Craver and Copeland 5 repotted 157 pei cent involvement in 172 pa- 
tients with Hodgkin’s disease Ten consecutive, unselected patients, referred 
to the Radiation Theiapy Department of the Brooklyn Cancer Institute, with 
a diagnosis of Hodgkin’s disease, constitute the cases to be reported It will 
be noted in Tables I and II that eight proved to have Hodgkin’s disease, 
and that the final diagnosis in one was lympho-epithehoma and in the other 
lymphosarcoma Of these eight patients, four had typical bone lesions, two 
showed changes characteristic of Hodgkin’s disease, and the other two showed 
no bone changes The incidence in this group is, therefore, 50 to 75 per 
cent, 25 per cent being reserved for possible final verification It is believed 
that bone involvement would be found much more common if routine and 
repeated roentgenologic examinations of the osseous system were made 
Whether invasion of the osseous system is primary or secondary is still 
a matter of discussion (Hulten, 11 Lockwood, Johnson and Narr, 13 Ginzburg, 8 
Spencer and Dresser, 10 Aschoff 1 ) It is the opinion of some that primary 
bone involvement never occurs However, m a disease of such variable 
manifestations and histologic characteristics, it is believed that the probability 
of such occurrence should be borne in mind, at least until proved otherwise 
Blount 3 reported a case in which bone changes preceded demonstrable lymph 
node involvement by two years, and Montgomery 14 cites an instance in winch 
lymph node involvement was not demonstrated until two and one-half years 
after the onset of the disease Herschei 10 reported bone marrow and liver 
involvement without apparent invasion of lymph nodes, and Krumbhaar 1 " 
Submitted for publication December 13, 1937 
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described a case of bone mariow and spleen involvement and no lymph node 
pathology after careful search at autopsy Bone invasion ma) , of coui se. also 
occur by erosion fiom neighboring diseased lymph nodes, as shown in Table 
II, Cases i and 4 


Table I 


Case 

No 



Duration 

Biopsy or 

Necropsy 


Age* 

Sex 

of Present 
Illness 

Hodgkin’s 

Disease 

Eosmophiha 

Final Diagnosis 

1 

20 

M 

9 yrs 

+ 

Marked 

Hodgkin’s disease 

2 

29 

F 

4 yrs 4 mos 

+ 

Moderate 

Hodgkin's disease 

3 

29 

F 

7 yrs 

+ 

Marked 

Hodgkin’s disease 

4 

33 

F 

3 yrs 2 mos 

+ 

Marked 

Hodgkin’s disease 

5 

16 

F 

r yr 5 mos 

+ 

Marked 

Hodgkin's disease 

6 

32 

M 

x yr 2 mos 

+ 

Marked 

Hodgkin’s disease 

7 

13 

M 

2 yrs 

+ 

Marked 

Hodgkin’s disease 

8 

21 

F 

x yr 1 mo 

+ 

Moderate 

Hodgkin’s disease 

9 

37 

F 

2 yrs 5 mos 

0 

Moderate 

Lympho-epithehoma 

10 

40 

M 

9 mos 

0 

Slight 

Lymphosarcoma (lym- 







phoblastoma t\ pe) 


* At onset of present illness 


Table II 

OSSEOUS INVOLVEMENT 


Roentgenographic Findings 
Case Symptoms and Time p lrst 

No of Appearance* _ Osteo- Osteo- Ero- 

plastic lytic sion 

served* 


Location 


Result of Therapy 


Clinical Roentgcno 
graphic 


I 

Pam left cervical re- 

6 yrs 

+ 


+ 

2nd, 3rd, 4th and 

Poor 

None 


gion, 8 yrs 6 mos 

8 mos 




5th cervical ver- 









tebrae 



2 

Pam, dorsolumbar 

3 yrs 

+ 

+ 


nth dorsal, 2nd 

Excellent 

Hy perphsia 


region, 3 yrs $ 

7 mos 

4- 

+ 


lumbar 




S mos 








3 

Dorsolumbar pam, 6 

6 yrs 

+ 

+ 


10th dorsal, 3rd 

Very good 

Lytic and hy- 


yrs 4 mos 

7 mos 

+ 



lumbar 


perplastic 

4 

Pam rt arm, 14 mos 

13 mos 


+ 

+ 

Rt 1st 2nd rib 

Poor 

Progressne 







and rt claaicle 



5 

Pam loner end rt 

3 mos 

+ 

4- 


Loner end rt 

Very good 

Not treated 


femur, 15 mos 





femur 


hyperplasia 

6 

Pain lumbosacral 

7 mos 

+ 


+ 

Lt 1st and 2nd 

No change 

Not treated 


and pelvis, 8 mos 





nb 


no chance 

7 

Pain lumbar left 

— 

0 

0 

0 

— 

— 

— 


shoulder, 2 yrs 








8 

0 

— 

0 

0 

0 

— 

— 

— 

9 

0 

— 

0 

0 

0 

— 

— 

— 

10 

0 

— 

0 

0 

0 

- 




* After onset of present illness 
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Roentgenographic evidence of Hodgkin’s disease of bone is usually demon- 
stiated late The involvement, however, may occui eaily as may he noted 
m Table II The development and progression of the process is valuable 
Only by considenng osseous studies as loutine, as those made of the chest, 
can accuiate statistics legarding piobable time and mode of involvement be 
detei mined 

The lesions aie usually multiple and may apparently occur in any part 
of the osseous system The distribution in oidei of frequency, as icported 
by Spencer and Diesser, 10 is spine, pelvis, sternum, ribs, skull and extiemities 
The spine, libs, clavicle and possibh the femui and tibia wcie involved m 
the piesent senes 

The frequently eaily, piedonnnant leticulo-endotbehal cell hyperplasia or 
the late lesion demolish ating fibiosis, and ven little if anything moie, are 
likely to be veiy confusing The charactenstic picture is one of hyperplasia 
of the lymphoid and endothelial cells together with Hodgkin's giant cells and 
eosinophiles Latei these cells aie replaced by fibrous tissue, and at tunes 
caseation neciosis with a varying dcgiec of hypei plasm of the mairow 
(Aschoff, 1 Bairon, 2 Ewing 0 ) Ilovcvei, the sections maj and have been 
confused with Ewung’s tumoi. forms of myeloma, hypei ncpluoma, malignant 
tumois and clnonic osteitis The variation of the histologic picture in various 
stages of the disease accounts foi much of this confusion Montgomery 1 ' 1 
suggests that a maikecl cosinophiha in the tissue sections points to nntation 
and involvement of bone Table I show's instances of maiked eosmophilia 
in six of the cases of Hodgkin’s disease and of moderate occurrence in two 
One case with bone involvement showed moderate and the 1 emaindei mai ked 
eosmophilia According to these findings osseous involvement was demon- 
strable loentgenogiaphically in the presence of a model ate to marked eosm- 
oplnlia It is, howevei, believed that at the piesent stage of oui knowledge 
lack of a maiked eosmophilia should not be interpreted as absence of bone 
involvement 

The 1 oentgenogi aphic appearance of the lesions may be osteoplastic, os- 
teolytic 01 a combination of the two Figuies i(B) and 2(A) demonstrate 
these processes According to Geschicktei and Copeland, 7 there may also 
be a marked penosteal piohfeiation Unfortunately most of the cases de- 
scnbed m the literatuie consist of the late 01 teinunal stages Figuie 4(A), 
Case 5, show's a small mixed lesion in the low'ei end of the light femui This 
may be a simple cyst, but since Hodgkin’s disease of bone may lesemble cysts, 
and since it demonstiates plastic and lytic changes, it must at least be con- 
sideied as a possible eaily lesion It is also of intei est to note in Figuie 4(B), 
taken a little moie than one yeai after Figuie 4(A), that the process has 
decreased in size and that the scleiosis at the maigins has mci eased This 
may be a reti ogressing lesion Fuithei study wall be necessaiy to definitely 
detei mine this It appears somewhat similar to the process 111 the tibia in 
Figuie 3(A)> Case 2 This patient also has typical involvement of the spine 
as shown m Figure 2(A) Figure 5(A), Case 6, show's an aiea of eiosion 
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Fie i — Case i (A) Showing erosion of the second third fourth and fifth cerncal \crtebiac 
and the large retropharingeal miss (December, 1934) (B) Case 3 Demonstrates the osteoittic md 

osteoplastic process imolvmg the third lunibat veitebra 



Fic 2 — Case 2 (A) Shows the predominating inperplnstic process in the tltitnth dor c tl 
\crtcbra (B) Case 1 Demonstrates the radon seeds and marled reduction in the mzc of the 
rctrophanngeai mass No demonstrable change is noted in the evtent of erosion of the ccrwcai 
\ertebrae, but sclerosis is now present (rebruari, 1937) 
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m the first 11b and bone condensation in the second The lattei may be an 
associated melorheostosis, but must be followed to definitely determine its 
significance The latest 1 oentgenologic findings in Case 4 (Fig 5 [B] ) no 
doubt represent Hodgkin’s involvement combined with supei imposed pyogenic 
infection However, erosion of the clavicle and second rib 111 this case was 
noted initially, 13 months aftei the onset of the present illness, and, therefoie, 
befoie any evidence of abscess, as will be shown latei Figures i(A) and 
2(B), Case 1, demonstiate the deep excavation in the cervical vertebrae due 
to erosion by neighboring diseased tissue The marked destiuction of the 
postenor surfaces of some of these bodies is well demonstrated only in the 
radiographed section (Fig 3 [B] ) Theie was no 1 oentgenologic evidence 
of paiaspmal soft tissue distortion in these cases 

Hodgkin’s disease of bone may be confused with the changes due to 
caicinoma, multiple myeloma, chiomc osteomyelitis, Ewing’s tumor, hypei- 
nephroma, tuberculosis, leukemia, lymphosarcoma and cysts Fortunately, 
in the more common, typical cases no confusion ai lses At times the diagnosis 
can be made only aftei biopsy, which, as previously indicated, may itself be 
very confusing A maiked lesponse to 1 oentgenothei apy, such as occurred 
in Cases 2 and 3, Table II, may give a clue to the diagnosis However, 
lymphosai coma and leukemia may respond 111 the same mannei In those 
cases of bone lesions piesenting an atypical loenlgenogiaphic picture and 
unusual clinical manifestations, the possibility of Hodgkin’s disease should 
always be considered In no 1 oentgenologic study aie a detailed history, re- 
peated blood studies and biopsy, wheie possible, moie essential 

Pam may be the fiist indication of possible bone involvement However, 
pain referable to the region of certain bones and joints may be present and 
no disease found in these bones as illustrated in Cases 6 and 7, Table II 
Conversely, bone lesions aie undoubtedly often piesent befoie symptoms ap- 
pear In Cases 2 and 3, Table II, initial loentgenographic evidence of bone 
disease was demonstiated just two months and tlnee months, respectively, 
aftei onset of symptoms In Case 1 the symptoms dnectly lefeiable to bone 
and nerve destruction occurred 22 months aftei the bone lesions were 
initially demonstrated Also m Case 4, the bone lesions weie observed be- 
fore the onset of symptoms The symptomatology is essentially dependent 
upon the anatomic location of the lesion and the degree of functional impair- 
ment Consequently, the symptoms may vary from none to excruciating pain, 
marked impairment of function, pathologic fractures, defoinuties and a variety 
of neurologic conditions, such as anesthesia, hemiplegia, paraplegia, trans- 
verse myelitis, etc 

Roentgenotherapy offers palliation, remission and retaids pi ogress of the 
disease in many cases Osteolytic areas may be replaced by bone, but an 
osteoplastic appearance, contrary to reports m the literatuie, is not neces- 
sarily an indication of previous radiation therapy This is demonstrated in 
Cases 2 and 3, in which dense aieas in the vertebial bodies were seen on 
first examination and prior to treatment of the spine 
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V 



Cice s (A) Showing ostcoljtic process (a) m the femur ( April , 1936) (B) De*non«tr»trt 

decrease m size of the Icmou and sclerosis of the margins (a) (Mai, 1937) 
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Whethei there is any effect of 1 oentgenothei apy to distant areas of lymph 
node involvement on the bone lesions is not definitely known Case 2, hcnv- 
ever, demonstiated that in spite of extensive therapy thiough font pelvic ports 
foi diseased inguinal nodes and inclination along the cntne left pelvic wall, 
the patient continued to have exciuciating pain, which was only relieved 
shortly aftei theiapy to the spine had been instituted It w r as observed in 
othei cases that ladiation was onh effective when dnected to the affected 

pait The technic usuall) employed in these cases was 200 KV, 20 Ma , 

50 cm FSD, 05 Mm Cu and 1 Mm A 1 filiation, 200 r (measured in 
air) to each poit evciy othei day Two pai avei tebral fields (5x15 cm) 
were ordinal lly used 111 the spine cases In those cases favoiably influenced 
by radiation, maiked impiovement was noted aftei about 1,000 r to each 
poit Case 2 obtained maiked relief aftei 400 r to each poit The average 

total dose was 2,000 1 to each poi t It is believed that ladiation should be 

administered to lelieve symptoms and pi event deformities The bone lesions, 
w’ltli 01 without the presence of symptoms, should be peiiodicall) checked so 
that, wheie possible complications may be avoided befoie the piocess becomes 
too fai advanced Osseous imolvcmcnt, if diagnosed eail) and treated, may 
not only add to the actnc life span of the individual but will often spare 
him the agonies which may accompany the complications 

Space does not permit a detailed lustoiy of each case, but since Cases 1 
and 4 present paiticulaily intei esting features they wall be piescnted briefly 

Case i — The present illness began 111 1928, at which time there were palpable 
cervical, axillary and inguinal nodes The patient did well under high voltage thcrapj 
and permanent interstitial radiation (sixteen 1 me, 03 Mm gold seeds, total 2,128 
me hrs ) In October, 1936, he complained of continuous pain m left side of neck 
In March, 1937, numbness and tingling developed in hands and weakness in both upper 
extremities together with involuntary twitchings m the upper and lower extremities 
and a cord bladder Examination mealed evidence of pvranndal tract imolvement 
There was no response to roentgenotherapy and the patient expired 111 April, 1937 At 
necropsy, dense necrotic tissue containing lymphocytes and plasma cells was present 
between the anterior surface of the \ertebial bodies and the posterior wall of the 
pharynx In some areas the marrow was replaced by dense, poorl} cellular fibrous 
tissue, while in others it contained mjeloid and plasma cells and in the fifth and sixth 
cervical vertebrae there -were, in addition, large numbers of erythrocytes The spinal 
canal showed shallow erosion of the bony posterior surface at the level of the second, 
third and fourth vertebral bodies The meninges in the region of the tipper three in- 
volved vertebrae were replaced by dense fibrous tissue which included peripheral nerve 
bundles in various stages of atrophy Lymph nodes were notably scarce A firm 
markedly fibrotic supraclavicular node was present, and also a somewhat larger mass 
in the right upper anterior mediastinum, which showed much fibrous tissue, few lympho- 
cytes and plasma cells, hemorrhage and calcific deposits The lungs showed purulent 
bronchopneumonia 

Case 4— Present illness began, in August, J933, with bilateral swellings of the 
neck Fourteen months later, the patient complained of pain in the right arm The 
lesions in the second rib on the right side and in the right clavicle vvere demonstrated 
one month prior to this complaint A right Horner’s syndrome developed In June, 
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1936, a bleeding sinus appeared in the right supraclavicular area and the swelling in 
this region broke down The base of the wound became co\ered with a necrotic 
exudate This patient never responded w'ell to roentgenotherapy 



Fig 5 — Case 6 (A) Demonstrates indentations in the first rib and the area of hone condensation 
in the second (B) Case 4 Showing erosion of the outer third of claaicle and a\i!!ar\ aspect of the 
first and second ribs together with thickening of the pleura The lesion in the claucle and second 
rib was present in 1934 and progressed slowl} There was no abscess at this time 


SUMMARY 

A thoiough teview of the literature, case repoits and geneial obseivations 
have been piesented lelative to involvement of the osseous system in Hodg- 
kin’s disease The following weie consideied Incidence, mode, time and 
type of bone involvement , distribution , histology , symptoms and tune of then 
appearance, diagnosis and treatment 

Eaily diagnosis and tieatment of Hodgkin’s disease of the osseous system 
cannot be ovei emphasized 

In cases of bone lesions piesentmg an atypical roentgenogiaphic appeal - 
ance and unusual clinical manifestations, the possibility of Hodgkin’s disease 
should always be considered 
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SUBLINGUAL EPIDERMOID CYSTS 

Benjamin Rice Shore, M D 
New York, N Y 

FIIOM TltE SUHCrCAL SEUMCES OF ST LVKh’b HOSPITU. VM\ 10RE, 1 

The following four cases of tiue epideimoid c)'sts aiismg in the floot of 
the mouth have been obseived m 54,000 suigical specimens examined in the 
Pathologic Laboratory of St Luke's Hospital, New York, during the past 
40 years Each of the four cysts was lined with stratified squamous epithelium 
and two contained hans 01 hair follicles 

Case 1 — I S , female, age 16, was admitted to St Luke’s Hospital December 9, 
1900, Service of Dr Robert Abbe A small lump was noticed on the floor of the mouth 
beneath the tongue when the patient was age eight At first it increased only slightly m 
size, but during the past few years its growth had been more rapid At one time the tumor 
had opened and discharged a small quantity of thick, yellowish fluid tinged with blood 

Examination showed a soft, fluctuating tumor mass which could be seen and felt 
beneath the chin and which projected into the floor of the mouth beneath the tongue 
It occupied a midline position At operation the tumor was aspirated and remmcd 
through a transverse incision in the floor of the mouth The mass was soft, cystic, bean- 
shaped, and measured 5 by 4 by 2 5 cm The contents of the sac were jellow, greasv and 
contained a few hairs Histologic study showed the cyst to be lined with stratified, 
squamous epithelium, with underlying sebaceous glands and hair follicles 

The patient was discharged, apparently cured, on the fourth postoperatiee day No 
follow-up record is available 

Case 2 — D S , male, age years, was admitted to St Luke’s Hospital December 
18, 1929, Service of Dr Frank S Mathews A mass in the floor of the mouth was first 
noticed shortly after birth It had gradually increased m size but had not produced anj 
symptoms There were no other congenital abnormalities 

Examination showed a cystic mass about 1 cm in diameter situated m the floor of the 
mouth just lateral to the midline It was nontender, did not fluctuate and was not fixed 
A clinical diagnosis of a dermoid cyst of the floor of the mouth was made At operation 
the cyst was opened, emptied of its contents and the wall excised The specimen measured 
1 by 075 by 02 cm Histologic study showed a very thm-walled cyst with a lining which 
was intact m some areas and composed of squamous epithelium Other areas of the lining 
were considerably altered by inflammatory changes and underlying fibrosis There was 
bmphoid infiltration throughout but no evidence of malignancy 

The patient was discharged on the second postoperative day No follow'-up record 
is available 

Case 3 — L P , male, age 2J2 years, w'as admitted to St Luke's Hospital June 9, 
1933 , Service of Dr Henry H M Lyle A painless tumor was first noticed under the 
tongue and beneath the chin wdien the patient w r as about 18 months old The mass had 
steadily increased m size but had not reached proportions where it interfered with talking 
or eating 

Examination showed a small reddish protuberance at the opening of the left sublingual 
duct Beneath the mandible in the neck, to the left of the midline, there v as a ^oit, 
smooth, freely movable, nontender, fluctuant mass about 5 cm 111 diameter -\t operation 
a transverse incision w r as made through the mucous membrane of the floor of the mouth. 

Submitted for publication December 31. 1937 
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riG 2 — Case 4 Pliotogi aph of excised specimen 



3 -Case 4 PhotoniicroErnpli of^sM^l 

the inner lining of f ,y e tissue 
m supported on a definite connectiv 
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pressure was applied to the c\st beneath the chin, and the mass was rcmo\ed The speci- 
men u r as cystic and measured 4 bj 3 by 3 cm It was filled with jellowish-wlutc crcaim 
material Histologic study showed the lining to be composed of squamous epithelium 
which w r as somewhat inflamed There was a slight papillan down-growth into the 
corium and loose connectne tissue Hair follicles and Inpertrophic sweat glands and one 
rather large duct lined with squamous epithelium containing desquamated cells, were 
also seen The epithelial cells showed \arying stages of atropln and Inperplasia with 
some hyperkeratimzation 

The patient w r as discharged, apparent!} cured, on the fourth postoperatne da\ No 
follow'-up record is available 

Case 4. — E A , female, age 37, w'as admitted to St Luke’s Hospital October 14, 
1936 The patient had first noticed a mass beneath her chin about 20 \ears preuoush 
It had gradually increased in size and had risen in the floor of the mouth, displacing the 
tongue upward It w r as aspirated twuce eight years and sj\ weeks ago respectneh 
before admission to the hospital, with only temporan relief 


r 



Tic 4 — Case 4 Photograph of patient after operi Tic 5 — Ci=c 4 Photograph 01 patient after oper 1 
tion showing norm it extension of tongue tion showing tongue in normal position 




Examination showed a large, soft, non-tender c}Stic mass hing 111 the nudline of the 
floor of the mouth and displacing the tongue upward (Tig 1) It could also be seen and 
felt as a soft midline tumor beneath the chin in the submental region A diagnosis of 
sublingual dermoid cyst w'as made Under colonic ether anesthesia, a transeerse incision 
was made o\er the cyst in the floor of the mouth The mass was dissected from the 
surrounding structures and remoeed intact The resulting dead space was partial!} 
obliterated by sutures and the remaining ca\it} was packed with iodoform gauze The 
excised cyst measured 8 b} 5 b} 3 cm (Fig 2) The surface was smooth and the wall 
was tlnn The cyst contained thick, white chees} material but no hairs Histologic 
stud\ showed the lining to be composed of squamous epithelial cells supported on a !a\tr of 
fibrous tissue The epithelium had all the characteristics of cutaneous epithelium with a 
keratinized finer on the surface (Fig 3) There were no hair follicles or sweat glands 
The patient w'as discharged on the third postoperatne da% She has been seen at 
regular mtenals since, is completely s\ mptom-frec, and has normal function of the tongue 
(Figs 4 and 5) 


Discussion — Sublmgatal dermoid or epideimoid c}sts are derned from 
fetal ienmants m the mesobranelnal field 1 and should be clear!} differentiated 
from the more common tanuiac The latter are the icsult of ewi c ckqcntni- 
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tion in the sublingual gland, aic usually unilateral and aic lined by flattened 
cuboidal epithelium 'J hey aic thin-walled, contain a fluid icscmbling saliva, 
and aie difficult to iemo\e surgical!) without uipturc Sublingual epidermoid 
cysts, on the otlici hand, anse in a midluie position, are lined with stratified 
squamous epithelium, and possess a definite connective tissue supposing 
fiamcwoik, gning them a tlrnkei and toughci wall and making surgical 
icmoval without luptuie tax} Although these cysts anse in a midline posi- 
tion, increase in size ma\ cause them to lie displaced to one side so that they 
appeal to ha\c a unilateral ongin Othei epithelial, cutaneous stiucturcs, 
such as ban follicles and sebaceous glands, ma\ be piescnt, as in two of 
the c\ st s heiewith repoitcd, but othei congemtalh misplaced remnants, such 
as nen ous 01 osseous tissue haie not been obsened 

T> ailment — Suigical excision is the treatment of choice for these cysts 
Adequate exposuie thiough a tiansveise incision in the mucous membiane 
ovei lying the cyst, gentleness and shaip dissection with a knife or scissois, 
makes excision of the cntiic c)st wall and contents i datively simple Although 
the cacity beneath the tongue which follows the iemo\al of a cyst may be 
suiprismgly laige (Case 4) it can be completely obliterated by sutures and 
packing Normal position and function of the tongue arc to be expected fol- 
lowing the operation Aspuation, w hethei foi diagnosis ot relief of sjmptoms, 
has little to commend it, is rated) actually indicated, and ma\ possibly lead 
to senous infection of the c)si wall and fiooi of the mouth 

Injection of vanous 11 mating, scieiosmg solutions into all soits and kinds 
of hollow stiuctuies, with little legal d to the chaiactei of then lining 01 sup- 
posing wall, has been wide!) employed and lecommended in the past few r 
years, and wxis even scuously suggested as an clcctne foim of ticatment in 
Case 4 The principle undcrl)ing the obliteiation of cavities lined with tissues 
of mesodeimal ongin by the pioduction of nutation, fibroblastic prolifeia- 
tion and fibiosis, is lelatively simple and easily understood In the case of 
stiuctuies lined wuth vanous kinds and thicknesses of epithelium, how'ever, 
the complete destruction to the last cell by a sclerosing solution must be 
accomplished bcfoie this fibioblastic activity and fibiosis can take place This 
is quite a drastic foim of theiapy, highly unccitain as to its outcome, and can 
in no way be considered a satisfactoiy substitute foi clean suigical excision 
It is certainly to be condemned as a method of ticatment of sublingual epidei- 
moid cysts 


SUMMARY 

Foui cases of true epideimoid cysts aiismg in the fiooi of the mouth aie 
repoited These cysts anse fiom fetal lemnants in the mesobianclnal field, 
are lined by stratified squamous epithelium, and should be cleaily chffeientiated 
from the moie common lanulae Suigical excision while the cysts aie still 
small and uninfected is the elective foim of treatment 
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THE REGENERATION OF SENSATION IN TRANSPLANTED SKIN 


II R McCarroll, U D 
St Louis, Mo 

FROM TilF SIIRINMIS’ HOSPITAL FOR CRIPPLFD CHILDM \ AND THF DFI'ARTMENT OF SUHGI M , 

M ASHISGTON UNUFRSITl SCHOOL OF MFDICINf, ST LOLIS, MO 

The regeneration of sensation in tiansplanted skin and the degtee to which 
this regeneration takes place represents an important factor fiom both a 
clinical and an academic standpoint Clinically, its importance lies in the selec- 
tion of the type of graft foi use m covei mg defects where the sense of touch is 
needed for proper function The type of graft to be used m such a case is 
obviously the one in which the earliest return of good sensation can be assuied 
From an academic standpoint, it gives us an excellent means of stud) mg the 
mechanism of nerve regeneration and the lelationship of the various forms of 
sensation developed m the sensory nerve endings Until recently, how e\ ei , the 
hteiature contained few refeiences to the subject and no detailed stud) of nei\e 
regenet ation in skin grafts alone had been attempted 

Kredel and Evans, 1 m 1933, J S Davis and Kitlowski, 2 in 1934, and Lo\al 
Davis, 3 111 1934, repoited their findings in a series of cases which lepresenled 
a combined total of 188 grafts Of these, 102 were pedicle flaps, 38 w r ere fiee 
full thickness grafts, 24 w r ere Thiei sell giafts, nine weie split thickness grafts, 
and 15 w'ere pinch giafts All agreed that sensation returned first, and was 
moie complete, in pedicle flaps than 111 any other type Next 111 order was the 
free full thickness, then the split thickness, and finally the Thiersch giaft 
Fiom this, it w'as concluded that the late and degree of return, other things 
being equal, were directly propoitional to the thickness of the graft used All 
agieed that theie w r as a temporal dissociation in the recovei) of pain, touch 
and tempeiatuie sensations They also agieed that return of sensation began 
about the penpheiy of the giaft, with the first evidence of recovery piesent 111 
the pioximal portion piogressmg distally and fiom the sides Loyal Daws 
states, how f evei, that return of sensation 111 Thiersch and free full thickness 
giafts rna) occur in patches He also states that lecovery is more rapid in 
those pedicle grafts wdnch have only a small amount of subcutaneous tissue 
attached to the skin These two points repiesent the only element of ques- 
tion m the general conclusions of all thiee authors 

Since pedicle flaps lepresented the majonty of grafts m their cases, and 
since only a few split thickness grafts were included, a detailed stud) of the. 
return of sensation in this latter type was attempted In order to ha\c a com- 
paratne study, seeeral fiee full thickness grafts and a few pedicle grafts were 
also included The patients used -varied in age between fne and 15 ) ear- No 
patient was selected for study if there was am question about the abiht) to 


Submitted for publication October 2, 1937 

309 




If R McCARROLL 


Annilsof Surccrj 
August J'lts 


coopciute well \11 tin ee of the above named aiithois included cases within 
this age gioup, and all concluded that age was not a factoi in the lecovery of 
sensation Most giafts weie pei formed foi the icdeasc of seal contractures or 
the coveting of defects, the icsult of burns 

Method of Study — Tests foi sensation were begun at the time of the hist 
01 second die stung, the fifth 01 sixth da} after the application of the graft 
Thc\ wetc made daih m each case for social thus, and later one each week 
Most giafts wcic followed until sensation was not only present, but also equal 
to that of noimal skm pioximal to the gi aft and m other parts of the bod} 
Complete return of sensation cannot he considered as picscnt until this stage 
has been leached Foi testing 1 espouse to pin puck, an algesiometcr, deliver- 
ing a piessutc of 07 Gm In gra\ it} . was used so that the amount of force 
applied would be constant in all cases The instillment used consisted of the 
“mnci woiks" of a “Redipoml ’ mechanical pencil, with an ordinal y sewing 
needle anchoied m the lead contamei The i espouse to this is listed as the 
return of pain in the grafts of this senes Foi testing the return of touch, a 
small wisp of cotton diawn to a fine point was used Completeness of the 
ieturn was also checked by a comparison of the two-point discrimination of the 
giaft with that of noimal skin Tempeiaturc discrimination was tested in 
many instances, but the findings m this weie not such that conclusions could 
be diawn With the oidinan means of testing tcmpci attire 1 espouse, one can- 
not be ceitam that the response is pnman in the giatt itself There is ahva}s 
the possibility that the sensation ma} be the icsult of transmission of the heat 
01 cold to the underlying structures The icco\cn of tempeiaturc sense wall, 
Iherefoie, not be included m this icpoit The giowth of ban in children is not 
sufficient to necessitate shaving of the grafts puor to testing in most instances 
It may be aigued that return of sensation m split thickness giafts cannot 
be estimated satisfactoi il} since they aie so thin that impulses in the usual 
methods of testing will be tiansmitted thiough the giafts to the underlying 
sti uctui es This is cci tainly not the case, how r evci , wdien an algesiometer deliv- 
enng such a light piessuie is used for pain, and a wusp of cotton is used foi 
touch If this w r ere ti ue, the 1 eturn should be complete at the time of the first 
examination instead of being anesthetic foi the fust few days, as is tiue in most 
instances Neither can this be consideicd a factoi wdien the giaft is followed 


until its sensation is equal to that of noimal skin in othei paits of the body 
Split Thickness Giafts — Foity-five split thickness grafts w r eie studied 
duiing a period of thiee years, the majonty of wdnch w^eie follow'ed long 
enough to definitely establish the time of complete sensory regeneiation and 


be ceitam that this was not meiely an eaily hypei esthesia Contraiy to prc 
vious lepoits, ieturn of sensation occuned ovei all paits of each giaft sunu 
taneously, and, with three exceptions, theie was no evidence of legeneration 
fiom the margins of the giaft One of these three exceptions (Giaft No 3 )> 
was a graft applied to covei the donoi aiea of a recent pedicle flap in the t : ug 1 
m which the full thickness of both skm and subcutaneous tissue had een 
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remo\ed Pain and touch letuined 0^1 the entne giaft at the same time, but 
progiession fiom this point to equal the sensation of noimal skin occuiied fiom 
the pioxun.il and lateial margins In the second (Graft No io), the giaft 
vas placed on an excellent subcutaneous tissue bed except foi a poition ovei- 
hing a completely denuded flexoi profunda tendon in the ling fingei Except 
foi this poition, the giaft equaled the sensation of noimal skin at 22 days, and 
had returned o\ei all paits of the giaft at the same tunc Ovei the exposed 
tendon, how c\ ei , wlieie a complete take in the gralt was also obtained, the 
leturn was definitely fiom the pioximal and lateial maigins, progiessmg 
distalh a ei y slowly Return m the distal poition of this aiea w r as not equal to 



Tic 1 — Scir of modente dui^m involving 
dorsum of foot There i*- no involvement of the 
deeper structures ind n s-itisfictors subcutnneous 
tissue bed is iviihblc offer excision of the scor 
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Tig 2 — (Groft No 7 Table I) Some os 
] ig 1, oftcr opplicotion of split thickness graft 
Return of both potn ond touch to equal normal 
skin was present at the end of 60 da>s and oc 
currcd over all parts of the graft simultaneous^ 


normal skin until no days In the thud (Giaft No 4), aftei both pain and 
touch had shown complete leluin in the usual manner, though not yet equal to 
normal skin, the central poition of the giaft became elevated by a collection of 
sebaceous matenal secieted beneath it Sensation ovei this aiea w ? as immedi- 
ately lost completely and subsequent leturn occuiied veiy slowly fiom the 
pioximal margin This portion w r as not equal to the sensation of noimal skin 
until after 55 days In all othei giafts, return of sensation appeared 111 scat- 
tered aieas ovei the entne giaft, then spiead rapidly to completion 111 both pain 
and touch The impiovement to equal the sensation of noimal skin took place 
moie slowly In all cases except foui the mciease in sensation, however, 
was one of steady progiession from the hist evidence of return until the com- 
plete stage was leached In these four grafts (Nos 7, 20, 30 and 33), there 
was definite evidence of eaily hypei esthesia which soon subsided, then pio- 
giessed 111 the usual manner In Giaft No 21, a poition of the tiansplant was 
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placed ducctK upon the exposed median ncive, and m Giaft No 34, upon the 
exposed tihi.il net \ e 'I he poi lions ovei lying these nerves wcie extremely 
In pcrscnsiti\c from the very beginning, but this disappeared as subcutaneous 
tissues were refotmed 

Thcie was a tempoial dissociation demonstrable in tbe retuin of pam and 
touch in all grafts except 111 those whete both showed complete return at the 
tunc of the fust dressing 01 fust examination This clement was not as marked 
m this senes, howctci, as in the previous icpoits 

Retuin of sensation m split thickness giafts has been found to be much 
11101c mpid than picuously supposed, «ind they showed the earliest complete 



Tig 3 — In contrist to Tit, i this shows w dense cMciwne scir, the result of -i \er> deep burn 
The deeper structures ire irnohed in this type of scar, and the graft must be placed on a scar tissue 
base or sometimes directly upon muscle instead of upon normal subcutaneous tissue Obwouslj, the 
return of sensation would be markedly delayed 

leturn of any of the various types This legeneration at the same time is just 
as complete as in any of the otheis In 16 of these grafts, there w'as regenera- 
tion in both pam and touch equal to that of normal skin within 60 days or less 
This more rapid retuin, which takes place over the entue graft simultaneously, 
seems to indicate that the regeneration is not dependent upon the longitudinal 
growth of divided cutaneous neives The most logical explanation is that it 
lesults from an invasion simultaneously of all parts of tbe graft by extensions 
from cutaneous nerves which invade the transplant along with the capillaries 
from the undei lying bed Recoveiy in those poitions of giafts (Grafts Nos 4 
and 10) not m contact with the usual satisfactory bed takes place from the 
margins as stated pieviously, for in these poitions extension of neive fibers 
fiom the underlying bed is impossible 

The time lequired for complete sensoiy regeneiation 111 any given graft is 
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dependent upon seveial factois The most lmpoi tant of these is the type of bed 
upon which the giaft is placed The eaihest complete 1 etui ns weie seen in 
those cases wheie the giafts weie placed upon aieas denuded by the excision 
of thm supeificial scats and which had lelatively nonnal subcutaneous tissue 
beds (Giafts Nos i, 2, 8, 12, 17 and 18) Noimal sensation is usually present 
111 such aieas pi 101 to opeiation but the fact that they aie often suuounded by 
a sinnlai tipe of seal does not seem to influence the late of letuin In those 
aieas wheie dense, massne scats aie encounteied and excised, wheie the 
giaft is placed dnectly on seal tissue, and completely suuounded by the same 
t\pe of seal, the 1 etui n is appieciabh delayed That complete legeneiation 
can take place undet such advcise conditions, howeiei, is demonstiated by 



\ 

.k. . . 

Tig 4 — Simc ns Tir 3 After excision of senrs mid repheement with split thickness grafts 
Graft No 22 is seen in the forearm in which pain and touch sensations equaled that of normal skin 
at 203 dnjs Graft No 24, seen above the elbow, was followed onlj 70 dajs and was not jet equal 0 
normal skin in either The return occurred over all parts of both grafts simultaneouslj 

many of the cases of this senes (Giafts Nos 9, 15, 21, 22, 25, 27, 30 and 32) 
In such aieas, sensation is usually not noimal pnoi to opeiation, and it has 
been intei esting to note that giafts m these aieas show a degree of leturn 
which is often fai bettei than the sensation of the sunounding seal This 
would be very difficult to explain if the legeneiation 111 the giaft were depend- 
ent on the longitudinal giowth of divided cutaneous neives The fibeis entei- 
mg the graft would then have to tiaveise the scar pioximal to it, and the 
sensation in the giaft could haully be expected to excel that of the sui rounding 
aiea With the fibeis entenng fiom the undei lying bed, however, less lesist- 
ance is encountered m the giaft than m the scaued aieas, and the degiee of 
sensory legeneration in the foimei is definitely greater Closely 1 elated to the 
type of bed as a factoi in the rate of legeneiation is the depth 01 seventy of the 
pi unary bum 01 mjuiy Deep burns destroy cutaneous neives and some of 
these nevei completely regeneiate, especially if these aieas aie allowed to fill 
in with dense, extensive scairmg This is cleaily demonstiated by Grafts 
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Xos 41, 42, 13 and 44, m all of winch complete anesthesia was still present 
after o\er t'0111 jeais 1 hese fotn grafts were in the same individual, who had 
a complete loss of ‘-kin and subcutaneous tissue, and a paitial loss of the under- 
hmg muscles as a result of a ven deep hum Thcie was complete destruction 
of all cutaneous naves 111 these areas, which have thus far failed to regenerate 
I wo pedicle flaps were also used m the same region in this case and they too 
showed no evidence of returning sensation after o\er four years In this same 
individual, however, anothei split thickness giaft was applied farthei out on 
the arm where the hum was not so deep (Graft No 45), and at the end of 
52 months it showed complete return to both pain and touch, though neither 
was equal to noimal skin All of these areas were suriounded by normal skin 
w ith 1101 111a! sensation, and had there been any regeneration of the destroyed 
cutaneous nenes, the mat gins of the grafts should have at least shown some 
evidence of return at the end of this time It seems leasonable to conclude 
then that wheic some or all of the cutaneous nerves are left intact in the under- 
lying bed, regcneiation will take place over all parts of a split thickness graft 
stnullaneousl) In areas, however, where that is little or no overlap in the 
cutaneous nerve supplv, as in the forehead, and the one incoming nerve is 
destroyed, sensory return can take place only with the regeneration of this 
nerve In this and in any area where all cutaneous nerves aie destiojed, and 
where there is no 1 egencration in these nerves, complete anesthesia will persist 
legardless of the type of graft used Another factoi closely related to the type 
of bed and the degree of the primary but n is the depth of the dissection neces- 
sary before the application of the transplant In cases wheic contractures of 
the knee (Giaft No 34), and contractuie of the axilla (Graft No 29) are 
released, it is often necessary to place the tiansplant directly upon muscles In 
these, complete icturn is always gicatly delaved, but can still occur over all 
parts of the graft simultaneously unless all of the underlying cutaneous nerves 
are destroyed 

Anothei factor in the rate of 1 egenei ation, but least impoitant of all, is the 
anatomic location of the giaft Certain legions of the body, particulaily the 
lips, have a mote abundant cutaneous nave suppl} and in some instances 
(Graft Nos 17 and 18), this seems to alter somewhat the rate of legeneiation 
The size of the graft used has been shown repeatedly to have no influence on 
the rate of sensory leturn Graft No 11, measuring eight inches in length and 
two and one-half inches in width, showed complete letuin to both pain and 
touch and was equal to normal skin at the end of 45 days A much smallet 
graft (Graft No 20), three inches long and one and tlnee-quarteis inches wide, 
did not show regeneration equal to that of noimal skin until after 90 days 
The foimei graft was placed upon an excellent subcutaneous tissue bed, while 
the lattei was placed upon the donor area of a pedicle flap in which the full 
thickness of skin and most of the subcutaneous tissue had been removed If- 
however, the leturn of sensation was dependent solely on the longitudinal 
growth of divided cutaneous nerve s, the smaller gi aft should have shown corn- 
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Table I 

s\ nopsis or 45 cases upon whom split thickness grafts were applied 

Complete Return 


Grift No , 

Location 

Per 

Size of 




Equal to 

Ca,c No , 

of 

ccntage 

Grift 

1 Type of Defect 

To 

To 

Normal 

Age 

Grift 

of Tike 

Inches 


Pain 

Touch 

Skin 

1 (K 47 ) 

14 jrs 

Forehead 

100 

6A x 2V 

Old burn Very thin super- 
ficial seir 

S days 

10 day» 

26 days 

3 (K-47) 

14 xrs 

Neck 

100 

t 'i 1*2 

Old burn Thin, superfi- 
cial seir contracture 

7 da\s 

9 day s 

28 days 

3 (K 14s) 
13 vrs 

Thigh 

So 

4 x 4 *i 

Delayed application to 
donor area of recent 
thick pedicle flap 

7odajs 7odajs 

Tirst examination 

322 days 

4 (L 67) 

10 yrs 

Ankle 

90 

:'<! x 3 

Oldprcssurcslough Super 
ficnl scar contracture 

S da\ s 

16 days 

SS days 

5 (L 39) 

S JTb 

Abdomen 

100 

t’j 1 2 1 a 

Dclajed application to 
donor area of recent tlnn 
pedicle flip 

12 days 

22 day's 

SS days 

6 (L-26) 

8 JTs 

Abdomen 

Ss 

4 1 2 li 

Dclajed application to 
donor area of recent thin 
pedicle flap 

7 days 

1 ) day-. 

32 days 

7 (Mss) 

S yrs 

Toot 

(dorsum) 

90 

4 'ixi'i 

Old burn Scar of mod- 
erate denuty 

20 da\ s 

2 1 days 

60 d iya 

S (K iqs) 
IS xrs 

Thigh 

IOO 

0 x 3 

Immediate application to 
donor area of full thick- 
ness graft 

7 days 

7 day. 

3° d ly s 

9 (1 iS) 

7 yrs 

Film and 
ring finger 

05 

2 1 ' X 'j-lf- 

Old rope burn Dense scar 
contracture 

6 da\ , 

6 d ly s 

130 days 

10 (L-17 s) 

Tlcxor 

IOO 

t'l x i a 

Old rope burn Portion in 

7 days 

7 days 

22 days 

7 JTS 

surface 
ring ind 
middle 
fingers 


(eicb) 

ring finger laid on ex 
posed tendon 

(10 days 
oxer ex- 
posed 
tendon) 

(40 days 

ox er ex- 
posed 
tendon) 

(no days 
oxer ex 
posed 
tendon) 

11 fL-239) 

5 >rs 

I orcirm 
ind hand 

IOO 

8 '2'. 

Old burn Scarof moderate 
density 

1 2 day , 

15 days 

45 days 

13 (K-47) 

14 xr. 

Hand 

(dor-aim) 

IOO 

i'i Mh 

Old burn Thin supcrfi 
cial jear 

3 days 

9 day. 

2S day s 

13 (L39) 

14 yra 

Neck 

So 

3 X 2 

Delia cd application to 
donor area of recent 
pedicle flap 

S days 

12 d lys 

SS d lys 

14 (L-39) 

14 Jrs 

Mistoid 

process 

IOO 

2 X l!' 

Dclajed application to 
donor nrca of recent 
pedicle flap 

S daxs 

7 days 

63 days 

is (K39) 

14 Jrs 

Hind 

(dorsum) 

80 

4 X I A 

Old burn Deep dense scar 

10 days 

21 days 

95 days 

16 (L 39) 

14 jrs 

Hand 

(dorsum) 

9 S 

3'A X I 1 ^ 

Old burn Deep dense scar 

8 days 

20 days 

90 days 

17 (L39) 

14 jrs 

Lower lip 

90 

2'< \ I Vi 

Old burn Thin superficial 
scar 

S days 

7 days 

24 days 

18 (L39) 

14 Jrs 

Upper lip 

IOO 

2ja X I 

Old burn Thin superficial 
scar 

7 days 

7 days 

24 days 

19 (L39) 

14 jrs 

Hand and 
wrist 
(dorsum) 

90 

4 X iA 

Old burn Moderately 
dense scar 

7 days 

12 days 

38 days 

20 (L 39) 

14 Jrs 

Neck 

90 

3 x 

Delayed application to 
donor area of recent 
pedicle flap 

13 days 

21 days 

90 d ty s 

21 (L 132) 
12 >r a 

Elbow 

(flexor 

surface) 

00 

6 x t 

Old burn Dense scar re- 
quiring deep dissection 

6 days 

9 days 

278 days 

21 (L 152) 
12 yr a 

Torcarm 
and wrist 
(volar sur 
face) 

9 S 

9 x 1'A 

Old burn Dense scar re 
quiring deep dissection 

7 days 

10 days 

203 day» 
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Table I — Continued 


Graft No , 

Location 

Per 

Size of 


Complete Return 

Equal to 

Case No , 

of 

centagc 

Graft 

Tjpe of Defect 

To To Normal 

Age 

Graft 

of Take 

Inches 


Pain Touch Skin 

3 (L 152) 

Torearm 

100 

6 X 3'-j 

Old burn Dense scar re 

6da>s 11 da>s Incomplete 

12 yrs 

24 (L 152) 

(dorsum) 

Arm 

100 

10 x 2 

quinng deep dissection 

Old burn with dense scar 

at 153 
days 

lodi}-, 2jda>s Incomplete 

12 yrs 

25 (L-195) 

(posterior 

aspect) 

Arm 

90 

5 '4 

Old burn Extensive de 

at 70 
da>s 

6da>3 pda}s 128 da>s 

7 yrs 

26 (K 97) 

Elbow 

100 

3 'A x 3 

feet from release of axil 
hr> contracture 

Defect from full thickness 

10 da\s 25 da>* 45 days 

10 yrs 

37 (L 19s) 

Chest wall 

100 

(l'i X S 

loss of skin in a clothes 
wringer 

Old burn Extensive de 

8da>s ioda>j iaSdajs 

7 >r» 

28 (L 1 95) 

Torearm 

100 

6 x 2 

feet from release of axil 
larv contracture 

Old burn Scar of moder- 

7 da>s 7 da>s 97 da>^ 

7 >rs 

39 (L 19s) 

Axilla 

go 

S x 2 l A 

ate densit} 

Old burn Defect from re- 

7 da> 3 9 days 112 dajs 

7 yrs 

30 (J 83) 

Chest wall 

95 

7 x 2 

lease of axil!ar> contrac- 
ture 

Old burn Dense scar con 

8 da>s ioda>s 153 dajs 

9 >rs 

31 (J 82) 

Shoulder 

100 

0 x 3 

traeture 

Old burn Dense scar con 

7 da>s 7 day.a 120 da} s 

9 yrs 

32 (J 82) 

(left) 

Shoulder 

100 

6 x 3 

traeture 

Old burn Dense scar con- 

7 da}s 10 dajj 136 da} s 

9 jrs 

33 (L-196) 

(right) 
Lower lip 

So 

X l'/i 

tracture 

Old burn Scar of moderate 

6 da}s 6 da}i 55 da}S 

10 }rs 

34 (M 134) 

Popliteal 

80 

fi X s 

density 

Old burn Dense scar with 

15 da}-. At 87 dajo, still none to 

13 yr*. 

35 (M 134) 

space 

Leg 

95 

9 x s 

secondary flexion de 
formity 

Open wound from deep 

to touch 

30 di}s At 125 da} s, still none to 

13 yrs 

36 (N-17) 

Leg 

98 

8 x 2 

burn 2 /d yra old 
Immediate application to 

touch 

34 dn}s Incomplete at 155 da}S 

13 yrs 

37 (I 53 ) 

Abdomen 

100 

9 x s 

donor area of pedicle 
flap 

Old burn Dense scar with 

At 125 da>s, partial return to pain 

11 yrs 

38 (L 94) 

Abdomen 

100 

4K 4 3 

graft placed on muscles 
Old burn Thin superficial 

None to touch 

Tirst tests at 148 days and both pain 

io yr.> 

39 (I 83) 

Abdomen 

100 

6 x 4 

scar 

Old burn Den^c scar con 

and touch were equal to normal skin 
Tirst examination at 330 days showed 

14 yrs 

40 (I 83) 

Neck 

100 

4 <2 

traeture 

Old burn Scar of moderate 

both pain and touch complete and 
equal to normal skin 

14 yrj 

4 r U- 53 ) 

Axilla 

95 

6 x 6 

density 


11 yrs 

43 ( 1 - 53 ) 

Axilla 

go 

4 ^2 

Recent deep burn with full 

After 52 mo* f there was complete 

ii yrs 

43 (I 53 ) 

Elbow 

go 

2 X 2 

thickness loss of skm 
and subcutaneous tissue 

anesthesia 

ii yrs 

44 (I S 3 ) 

Abdomen 

100 

8 x 6 

and part of underlying 
muscles 


ii yrs 

45 ( 1 - 53 ) 

Forearm 

95 

2 X 2X 

Recent deep burn, but not 

At 52 mos , showed complete return to 

11 yrs 




as deep as the above four 

both pain and touch, almost equal to 
normal skm 


plete regeneration much sooner than the laiger, irrespective of the type of 
bed available 

In those grafts where some secondaiy seal contracture develops, the ieturn 
of sensation may be delayed This contractuie is usually not primary m the 
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graft itself, but is instead located in the undei lying bed with the result that the 
giaft is piled up in small folds on the suiface These folds obviously increase 
the distance between paits of the tiansplant and the undei lying bed and the 
late of invasion of neive fibeis is piopoitionately deci eased 

Fiec Full Thickness Giajls — The late of sensoiy legeneiation in eight free 
full thickness giafts which weie studied was, in geneial, slow'd than the legen- 
eiation in split thickness giafts This complete letuin, how'evei, w'as found in 
all cases to be moie lapid than that found b\ pievious mvestigatois All, with 
one exception, showed legeneiation ovei all paits of the graft simultaneously 
in both pain and touch, the degiee of which piogiessed giadually to equal the 
sensation of noimal skin Onh one (Giaft No 2), showed evidence of letuin 
fiom the proximal and lateial maigins of the graft This one exception agiees 
with the findings of pievious 1m estigatoi s but the othei cases w'ere follow'ed so 
closely that there can be no doubt that legeneiation 111 all occui led ovei the 
entire giaft simultaneous!} This was a veiy deep bum wnth secondary scai 
contracture and it may be that most 01 all of the cutaneous nerves w'ere orig- 
inally destioied and the ones which had icgeneiated in the scai w'eie removed 
with its excision and the preparation of the bed In one (Giaft No 6), theie 
was ewdence of hypeiesthcsia at the end of two w r eeks, but this lapidly disap- 
pealed and letuin to pain w f as noticed again at 26 days In all other giafts, 
the 1 etui 11 was slowh piogiessne fiom the time of fiist appeal ance until it had 
equaled the sensation of noimal skin The tcmpoial dissociation in the letuin 
of pain and touch in full thickness giafts was much gieatei than that seen 111 
split thickness grafts 

The factois influencing the late of sensoiy letuin in this type of giaft aie 


Tabu: II 

S\ NOPSIS OI LIGHT CASES UTON WHOM I RTT 1 ULL THICKNESS GRAFTS WERE APPLIED 


Graft No 

Location 

Per 

Sl7C of 


Complete Return 

Equal 

to 

Caoe No , 

of 

ccntagc 

Graft 

T>pe of Defect 

To 

To 

Normal 

Age 

Graft 

of Take 

(Inches) 


Pam 

Touch 

Skin 

1 (K-195) 

Neck 

100 

\'A x i 3 ^ 

Old burn Dense keloid scar but 

25 da>s 

36 days 

52 days 

IS yrs 

2 (J-82) 

Neck 

xoo 

S x 2 

freely moxablc 

Old burn Dense .car with sccondarj 

22 days 

56 days 

180 days 

9 yrs 

3 (K-igs) 

race 

9? 

S xi’f 

contracture 

Old burn Dense keloid scar but 

14 days 

22 days 

56 days 

IS yrs 

4 (K-47) 

Neck 

10 0 

5 x 2 A 

frccl> movable 

Old burn Scar of moderate density 

27 days 

4S days 

65 days 

14 yrs 

S (K-195) 

Tacc 

100 

3 'A x i’< 

with secondary contracture 

Old burn Dense keloid ..car which 

IS daja 

20 days 

50 days 

IS yrs 

6 (K 170) 

Tacc 

90 

\'A X 2 

wasfrcelj movable 

Old burn Dense keloid scar 

26 days 

49 dajs 

62 days 

8 yrs 

7 (M-193) 

Neck 

100 

6 x iX - 

Old burn Mild, relatively thin scar 

30 days 

44 days 

no days 

12 yrs 

8 (L-94) 

Neck 

95 

x 3 

Old burn Moderately den.se scar 

Tirst examination made at 148 


10 yrs with secondary contracture days, at which time both 

pain and touch were com- 
plete and equal to normal 
skm 
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identical with those descubed pieviously for split thickness grafts All eight of 
these transplants were placed on excellent soft tissue beds with the exception of 
Giaft No 2, w here extensive scan mg was encountered and the transplant was 
made directly upon scat tissue As a icsult, a much longer period of time was 
lequned for the sensation in this transplant to equal that of normal skin The 
size of the graft used apparentlj was not a factoi m the late of regeneration 
Pedicle Flaps — Five pedicle flaps have been studied, but only three of these 
have been followed closely fiom the actual date of transplant Of these three, 
two weie liansplanted to the doisum of the hand and the third to the posterior 
and medial aspect of the heel The results compaied favorably to those 
repotted by picvious imeMigatois using similar types of grafts The return of 

sensation was always noticed first along 
the pioximal maigin and along the 
margin which was attached at the time 
of the first stage of the operation It 
then progressed distally and laterally 
auoss the body of the graft Return 
to pain alwajs occuried first and pro- 
gressed fat in advance of touch There 
was no evidence of sensory regenera- 
tion in the bod} of the graft, inde- 
pendent of the progression from the 
pioximal and lateral margins, similar 
to that seen so commonly in split and 
fiee full thickness giafts All flaps in 
this series consisted of the full thick- 
ness of skin and subcutaneous tissue, 
and it is possible that extensions of 
nerve fibers from the underlying bed 
w r eie unable to penetrate this mass of 
tissue This could account foi the dif- 
ference in the type of return seen in 
pedicle flaps as compai ed with the 
thinner transplants 
The length of time lequned foi the sensation in these three pedicle flaps to 
equal that of normal skin was much greatei than that generally seen in the 
other two types Complete legeneration m these giafts did occtu, and this was 
undoubtedly aided by the fact that all were surrounded by normal skin and 
showed little o> no evidence of scarring about their margins The other two 
transplants were used in the axilla of a patient (Grafts Nos 4 and 5), who had 
suffered a very deep burn with apparently complete loss of all cutaneous nerves 
m the region As a result, total anesthesia still existed in both flaps 52 months 
later This is the same case (Grafts Nos 41, 42, 43, 44 and 45) which showed 
complete anesthesia in several split thickness grafts foui yeais after opeiation 
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Tig s — (Grafts Nos i and 5 Table II) 
Two full thickness grafts placed on excellent 
subcutaneous tissue beds in which both pain and 
touch were equal to that of normal skin at 52 
and 50 days respectnel) Return of sensation 
occurred over all parts of these grafts simul 
taneouslj 
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Table III 

SYNOPSIS or FIVE CASES UPON WHOM PEDICLE FLAPS WERE APPLIED 

Complete Return 


Graft No , Location 

Per- 

Size of 

T> pe of Defect 



Equal to 

Case No , of 

centage 

Graft 


To 

To 

Normal 

Age Graft 

of Take 

(Inches) 


Pain 

Touch 

Skin 

t (L 39) Hand and 

IOO 

S x 4 

Deep scar contracture, secondary 

83 da>s 

1 35 days 

240 days 

8 yrs wrist 



to old tenosynovitis 




(dorsum) 







a (L-36) Hand 

IOO 

3 'A x 2p4 

Scar contracture, secondary to 

6$ days 

9S days 

218 days 

8 yrs (dorsum) 



injury and old osteomjelitis 




3 (fC-i4S) Heel 

IOO 

i'/i x 3 

Eari> flap for coxenng com- 

134 dajs 

158 days 

356 days 

13 yrs 



plete!} denuded posteromedial 







aspect of Os calcis 




4 (I S3) Wills 

IOO 

3 X z'i 

Neighboring flap shifted for co\- 

first checked 53 mos 

later at 

II >rs 



enng defect resulting from burn 

which time there was still com- 

S (1-53 ) Axilla 

IOO 

2 ‘j X l’ 4 

Neighboring flap shifted for cov- 

plete anesthesia in all parts of 

ii >rs 



ering defect resulting from burn 

the graft 




SUMMARY 

The return of pain and touch sensations has been closely followed in a series 
of split thickness grafts, fiee full thickness grafts, and pedicle flaps This 
sensation was followed not only until complete return was present to both pain 
and touch but also until it equaled that of normal skin in other parts of the 
body The results obtained are quite different fiom those obtained by previous 
lm estigators It has been found that in split thickness grafts, the regeneration 
usually occuis o\er all parts of the graft simultaneously rather than by progres- 
sion of the sensation from the proximal and lateial borders of the grafts as 
previously supposed The only exception to this lies in those grafts which can- 
not be placed on a satisfactory soft tissue bed The same holds true in the 
majority of free full thickness grafts, for onl\ one m a series of eight trans- 
plants of this type showed e\idence of regeneiation first along the proximal 
and lateral margins, with progiession distally ovei the lemaimng portion of 
the graft The findings in pedicle flaps agree with previous reports, in that 
regeneration takes place first along the proximal border and the portion 
attached first, progressing distally slowly ovei the body of the graft In none 
of the pedicle flaps was there any evidence of sensory leturn in the transplant 
independent of this progressive change Complete recovery of sensation in all 
types of grafts is possible to an equal degree, unless the cutaneous nerves of the 
involved region have been completely destroyed at the time of the original burn 
or injury, and have failed to regenerate 

Previous reports have agreed that the regeneration of sensation in any graft 
was directly proportional to the thickness of the graft used In this series, the 
exact opposite has beer, found Generally speaking, and other things being 
equal, regeneration is more rapid in split thickness grafts than m any other 
type Next in order is the free full thickness graft, and slowest of all is the 
pedicle flap In other words, the rate of return is inversely proportional to the 
thickness of the graft used in the three types which were studied A temporal 
dissociation in the recovery of pam and touch has been demonstrable in all 
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types, but this becomes moie pionounccrl <is the thickness of the graft is 
mci eased 

I wish to evpicss my applet lation to Di J B Blown for tlic use of Ins cases in the 
conduct of this mveslig ition 
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GELATINOUS MAMMARY CANCER 
ClI MILES F Gesciiickter, M D 

Bvitimouf, Md 

ntOM T!I> SI HC 1C M 1 \TIIOI OCICU lUIOIUTOin, IIJPUITMFNT OV bUROHO, 

JOHNS HOI KINS HOsIITU \NI) INIHBSIT\, HUTIMOHF, MU 

Although laie, gelatinous cancel was among the fust of the se\eial 
\aneties of mammaiy caicinoma to be descnbed as a sepaiate and distinct 
fonn Its s\rupy, jelly-like chaiactei istics in the gross, and the pecuhai 
ground substance undei the microscope, make it leadily lecogmzahle and have 
permitted accuiate classification Lange 0 has credited Otto, 9 m J 8i6, with 
the fiist descuption of gelatinous caicinoma Robinson, 11 m lepoiting a case 
to the pathologic Society of London, m 1852, stated that only four similar 
tumors affecting the hi east had been lecoided, one by Jonathan Muller, 8 one 
by Rokitansky, 12 one in the London Hospital Museum, and one 111 St 
Thomas’s Hospital 

The lnstoiy of Robinson s case is of intei est 111 that the patient lemained 
fiee of the disease foi five and one-half )eais aftei excision He 1 elated 
that the patient, age 56 “was undei the caie of the late Mi Tyrell seven 
yeais ago (1827) loi a tumoi (not ulceiated) in the light hi east, and an- 
other in the light armpit, both of which weie lemoved by the knife and the 
wound healed perfectl) in a month About 18 months ago, a haidness 

was noticed on the termination of the wound towxuds the nipple About 

one-third from the outei teimmation of the cicatnx is a small lobulated 
tubercle, which has existed four months, and which evidently inci eased It 
is of purple coloui, coveied with cnmson vessels, and sunounded by a 
similar stony induration, firmly attaching it to the chest 

“Novembei 27, (1834) The ulceis had scaicely varied at all, the ledness 
of the integuments of the light arm and the swelling somewhat subsided, but 
the hardness and tenseness continued She had a troublesome cough, wheez- 
ing, dyspnoea and sense of weight 111 the chest, with gi eat emaciation , and 
although relieved by blistering, expectorants, hyoscyamus, and mild tonics, 
she died in the evening from effusion into the chest At autopsy the 
tumors in the course of the cicatrix had extended as far as the ribs, and 
implicated them They w r ere specimens of colloid cancel, and appeared much 
the same as during life, although not so vascular One had a fibrous appeal - 
ance, the othei , a vascular , and into one of these blood had been effused 
Upon incising it posteriorly, the gelatiniform appeal ance was beautifully 

Submitted for publication May 26 , 1938 
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shown The lungs weie congested, and the an -cells somewhat dilated, but 
they w'ere not at all affected by malignant disease Thcie was about a pint 
of seious fluid in each side of the chest The heart w-as healthy The other 
visceia w r eie not examined ” 

Gaabe, 5 in 1908, found that this t)pe of cancel was twice as curable as 
the ordmaiy form Hoisted, 4 m 1915, desenhed a peculiar sensation on pal- 
pation which he thought w r as diagnostic of the gelatinous cancer He stated 
that the tactile unpiession “might he defined as a delicate swash or crush of 
a jelly-like structure undei tension ” Lee, Hausei and Pack 7 leview'ed the 



Chart i — Shows the compirison of the Tge incidence of 1,225 enses of scirrhous can 
cer with 160 cases of gelatinous cancer (including the authors series and those collected 
b> Gaahe) 

hteiatuie on the subject, m 1934, and found the incidence given by vaiious 
authois as 1 to 2 pei cent of all cancels of the bieast They reported 3 ° 
cases, lecoided 111 the Memonal Hospital, with 57 pei cent of five-year cuies 
The piesent study is based upon 83 cases of gelatinous carcinoma recoided 
among a total of 2,300 cancels of the breast in the Surgical Pathological 
Laboratoiy This study emphasizes the slow r growth of these tumors, then 
low degree of malignancy and their tendency to local lecmrence five to 3 ° 
years after tieatment by radical operation 

Cluneal Featwes — Gelatinous carcinoma occuis on the average in more 
eldeily patients than oidinary mammary cancel One-tlurd of the cases in 
the present series occurred between the ages of 41 and 50 and nearly an eqiw 
numbei occurred in patients between the ages of 60 and 79 The peak 0 
the age incidence was between 46 and 50 yeais compaied to a peak between 
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41 and 45 years foi ordinal y cancer of the bieast (Chart i) The average 

age in the series of Lee, Hausei and Pack was 52 years 

A discoveiy of a lump in the bieast was the first sign noted by the patient 
m 80 pei cent of oui cases The painless character of the lump and its slow 
giowth enhance the natuial penod of delay m consulting a physician for 
treatment In 33 cases, the lump was known to be piesent for a year or 
more befoie the first examination and in nine of these cases, the duiation of 
the lump was file }eais 01 longei In 36 cases, the duiation of the lump 

was less than a yeai , the a\ ei age dui ation in this gi oup being 4 1 months 

compared to 4 3 tears for the gioup 111 which the duration of symptoms was 
a year 01 more In three instances the lump was discovered dunng routine 
examination, the patient being unawaie of its piesence One patient had 
noticed hardness of the aftected breast foi 20 ycais, the hardness apparently 
disappeared for seieial jeais but 1 earned eight years before admission and 
rapidly mci eased in the past teai Dm mg the past three years she had had a 
sanguineous discharge fiom the nipple When examined in 1915* there was 
diffuse induration of the entne hi east with a soft fluctuating mass 3 cm in 
diameter beneath the nipple This patient died six years aftei radical opera- 
tion wuth invasion of the mediastinum 

Gaabe has estimated (on the basis of 88 cases collected fiom the litera- 
ture) that the duration of s\mptoms in gelatinous caicinoma is tw r o and one- 
half times that of the moie common sen rhus foim Lange, basing his con- 
clusions 011 a series of breast cancers repoited by vai ious German authors, 
states that ulceration of the skin m senrhus cancer occurs from one to tw’O 
years after the onset of symptoms In the 75 cases of gelatinous carcinoma 
collected by him, the aveiage penod elapsing befoie fixation of the skin 
was 33 9 months and ulceration occm 1 ed aftei an average period of 57 7 
months 

The statement by patients, giving the duiation of their tumoi in teims 
of years, is coiroborated b} the similai penod which has elapsed between local 
excision and the recurrence of a tumoi of appreciable si/e in the seal In the 
case reported by Robinson, cited above, the first signs of local recurrence w r ere 
five and one-half years after excision In a similar case, lecoided in this 
laboratory, local excision was performed in October, 1919, for a tumor the 
size of a walnut, thought to be a letention cyst The recurrent tumor, 
which was half again as large, was noted in the hi east in Febiuaiy, 1922 
A simple amputation of the bieast was peifonned, and, in Novembei, 1930, 
an enlarged axillary lymph node was excised winch showed mucoid cancer 
The patient was reported well in April, 1937 Halsted pei formed excisions 
for recurrent tumors, in 1903 and 1906, for a case which had had two 
previous excisions at four-year mteivals This patient died m an automobile 
accident m 1931, at the age of 73 

Lee, Hauser and Pack have emphasized the large size of some of these 
growths Lange found that the tumors varied in size from a walnut to that 
of an orange Only two of his cases were the size of a child’s head Gaabe 
found that 10 per cent of 88 cases were of unusual size The present study 
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emphasizes the 1 datively small si/c of the tumoi in companion with the 
long duiation of symptoms The aveiage size of the tumor in 58 cases was 
5 3 cm , and appioximately 50 pei cent had a diameter of 4 cm or less 
Theie weie only five tumoi s, 10 cm or over in diameter, the largest, 22 cm, 
was a recuirence after local excision Thiee cases had the diameter of 8 
cm , and one, 9 cm (Chait 2) 

Beside its slow late of giowth, and the tendency foi the tumoi to occut 
neai 01 aftei the menopause, theic is vciy little additional infoimation that 



Ciiakt 2 — Shows the nnxirmim dnmeter of the tumoi m ct'cs of 
gehtmous ctrcinonn 

can be gleaned fiom the histories given by these patients Pain is usualh 
not an early symptom Appioximately io pei cent of the patients noted a 
dischaige from the nipple, usually of a sanguineous charactei, and an ap- 
pioximately equal number had noted change in the size or coloi of the 
nipple, with or without itching or nritation The history of trauma 01 p ie ‘ 
ceding lactation mastitis occuiied in an insignificant number Discoloration 
01 ulceiation of the skin prior to examination was noted in 14 cases Wheie 
piesent, this was usually given as the leason foi seeking advice In general 
the skm changes were present only m those tumoi s which weie six or more 
centimeteis in diameter Theie was one exception 

There are four chief findings on clinical examination which suggest a 
diagnosis of gelatinous carcinoma The fiist is the 1 datively small size 0 
the tumor in companson with the long duration of symptoms The secon 
is the piotrusion and enlargement of the nipple on the affected side T* 11S 
finding of protrusion, lather than leti action, was noted by the examiner 
in eight cases in the present series and the finding is probably of more r 
quent occunence, since its diagnostic importance in gelatinous carcinoma 

324 








\oimm. ios GELATINOUS MAMMARY CANCER 

Number S 

has not been hcietofoie emphasised (Fig i) The thrnl is the cystic chai- 
actei of the giowth on palpation The diagnosis of benign cyst was made 
pi 101 to operation m u cases m the piesent senes 

The diftei entiation fiom a benign cyst should not he difficult m these 
cancers because the tumois aic often laigei (4 to 6 cm ), and on aspnation 
do not yield the cloud) fluid obtained fiom a cyst of smnlai si/e The) aie 
accompanied b> atioph) of the o\ cubing fat The foiuth diagnostic finding 



Fir 1 — Putli No 60479 (•Chtinous c ircimmu declining m i coloied wonnn irc 6_ 
Note the bulging md udirgctncnt of the mvpk tm the sfTictid v«k rnhigcmuit ntid 
protrusion of the nipple nnj he s dngno-itic mrii m these growths 


m the present senes, is the feeling of a “swish" on finn piessmc, ongmalh 
described by Halsted This impiession of a niptuied cyst, or the finding 
of an aiea of fluctuation in an olheiuise solid tumoi aic impoitant in 
diagnosis 

Gelatinous carcinoma occuis most ficquenth in the outei uppei quadrant 
and in the central poitions of the hi east The uppei nmei quadiant, the 
lower outer quadrant, and the lowei mnei quadiant aie affected in the oulei 
of frequency given The location of the tumois studied m the piesent senes 
and those reported by Lee, Hausei and Pack and by Gaabe, aie shown m 
Table I 


Tabu' I 

I OCATION O! THr TUMOR IN 91 INSTANCI S O! GCLAT1NOUS CARCINOMATA 
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Upper 


Lower 

Lower 



Outer 

Inner 


Outer 

Inner 
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Quadrant 

Quadrant 
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Quadrant 

Quadrant 
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1 1 

8 

16 

5 
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Lee, Hauser and Pack 

4 

4 

10 
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I 

Gaabe 

15 

3 

0 
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O 

0 

0 
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30 

15 
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In seven of the cases in the piesent senes, there were multiple tumors 
in the same breast, these weic either in the outer or upper portions of the 
breast In three cases both hi easts weic ultimately involved In one, the 
involvement of the second hi east occuried one yeat aftei the radical opera- 
tion for the first tumor and was a mucoid cancer In the second case, the 
involvement three years later showed a sun bus cancer with mucoid change 
In the thud case, a similar tumoi appeared beneath the nipple in the opposite 
hi east and enlarged nodes were palpable in the axilla five years after radical 
operation In the 75 cases studied by Lange, three developed cancer in the 
other bieast In one, the tumoi in the second bieast w'as a colloid cancer 
The second w r as diagnosed as scinhus and the third as Paget’s disease 
Differential Diagnosis — While the diagnosis of gelatinous cancer is 
usually made on the gross specimen or the microscopic section, there are 11 
cases in the present senes m which the nature of the tumor w\as correctly in- 
ferred from the clinical findings The rclativel) small size of the tumor in 
cases where the symptoms had been piesent sc\eral years and its encapsulated 
rounded character with a bogg\ 01 fluctuant feeling, together with atrophy 
of the overlying fat, dimpling, or palpable axillary lymph nodes, suggested 
the presence of mucoid caicinoma In fom of the five cases repoited bv 
Halsted, and included in this senes, the impiession of luptuie of delicate 
membranes or “swish” led to a diagnosis of mucoid carcinoma 

As mentioned above, the tumor w r as incoirectly diagnosed as a benign 
cyst in 11 instances In fom cases, the impression w'as that of an mtra- 
canahculai myxoma In an additional four cases, the diagnosis w r as benign 
mtracystic papilloma 01 papillary caicinoma In the lemaming cases, where 
the diagnosis of gelatinous caicinoma w r as not made clinically, the clinical 
impiession was that of oidmaiy mammal y cancel In the cases where the 
diagnosis of benign cyst wms made, sufficient impoitance w r as not given to 
the nearness of the tumor to the skin, the atrophy of the overling fat, its 
size, or its failure to yield a chaiactenstic cloudy fluid on aspiration The 
distinction between a giant intracanaliculai myxoma, 01 degeneiating fibro- 
adenoma is more difficult Usually the fibio-adenomata of coi 1 esponding 
size are opaque on transillumination, wdiereas in gelatinous caicinoma if the 
lesion is soft and sufficiently gelatinous the tumoi will transillunnnate If a 
laige size (No 18 gauge) needle is used foi aspuation, the characteristic 
gelatinous matenal should be demonstrable (Fig 2) 

Papillaiy adenocai cinoma or benign mtiacystic papilloma may be simulated 
by these growths A cential location, a sanguineous dischaige fiom the 
nipple, and a boggy feeling with or without areas of fluctuation, occur in both 
gelatinous and papillary cancer That the differential diagnosis may be 
impossible clinically, is indicated by the pathologic finding of mucoid change 
in eight cases of papillary cancel lecoided in this laboratory 

Gross Pathology — Careful study of the gioss and microscopic pathology 
of mucoid carcinoma indicates that there are two groups of mammary cancels 
which contain this type of gelatinous matenal In one group, the tumors 
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contain a shiny, tianslucent gel thioughout their substance, m the second 
o-roup, the gelatinous change is found in one or moie poitions and sold, 
dense tissue in the lemamder of the growth In the piesent series, 59 
tumors showed a charactei istic gelatinous substance thioughout, and 24 
showed secondaiy mucoid change in cancels of the sen 1 bus 01 duct type 
The gross specimens of typical gelatinous cancer may be cystic 01 solid, 
encapsulated or nonencapsulated The gioup of mammary cancer in which 
mucoid change is found m isolated poitions of the gross specimen only, or 
under the microscope, have shown giossly a lesemblance to semhus 01 duct 

cancel 



/ 

V 

M _ 

Fig 3 — Pith No 69609 Photomicrograph showing cmcer cells in the mucoid imtcrial 
ispinted from -1 cose of gelatinous carcinoma 

In those of carcinoma with complete gelatinous change, 16 of the cases 
were described as encapsulated and two as cn cumscribed The encapsulated 
tumors at exploiation resemble a cyst 01 degeneiated mtiacanahcular myxoma 
In one instance, the cyst-like tumor presented a blue dome because of its 
vascularity In another the tumoi was polycystic When the capsule of these 
cystic tumors is incised the soft, translucent jelly-like material, often flecked 
with hemorrhage, bulges or flows from the incision The exuded material 
has frequently been compared to tapioca (Figs 3 and 4) 

Encapsulated gelatinous carcinoma may closely resemble degenerating 
intracanahcular myxoma giossly However, m the tiue myxomata the mu- 
coid tissue is firm, and does not exude fiom the cut suiface 

In the nonencapsulated gelatinous caicmomata, the mucoid material may 
invade the surrounding tissues, including fat and muscle, 01 the gelatinous 
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matenal may be diffuse throughout the more solid giowth giving the cut 
sui face a slimy, grayish cast or a honey-combed appearance (Figs 5 and 6) 
Three of the nonencapsulated tumors were fixed to the overlying skin and 
two had invaded the pectoralis muscle In such solid nonencapsulated tumors, 
pockets of mucoid material such as are found in encapsulated tumors may 
occui (Fig 7) 




Tic 4 — Path No 4874 Photograph of a gross specimen showing the encapsulated character of 
gelatinous growth which feels like a cjst when palpated 


In six cases m the present series, gelatinous matenal was interspersed 
in tumors having the structure of papillary carcinoma grossly (Fig 8) This 
type of gelatinous carcinoma has been well described and illustrated by Lee, 
Hauser and Pack In two othei cases, the papillaiy carcinoma showed a 
typical structure and pockets of mucoid material were found in isolated por- 
tions of the tumor (Fig 9) More frequently, when only partial mucoid 
change is found, the tumor is a slowly gi owing scirrhus carcinoma of large 
size (Figs 10A and B) 

Micioscopic Pathology — Gelatinous change has been described m nearly 
all larieties of mammary cancer In general, the more slowly growing forms 
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Fk 8 — Path No 


9733 A specimen showing mucoid change in a papillary carcinoma (so called 
bulky cjstadenocarcinoma) 
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oidmaiy scmhus or papillaiy cancel, whethei 01 not the mucoid substance is 

diffuse and abundant 01 scaice (Fig n) 

Wheie the cancel cells lesemble those found in oidmary scnrhus carcin- 
oma, the degiee of malignancy and the prognosis vaiy with the amount of 
mucoid substance found This is m conti ast to the view of Cheatle and Cut- 
lei / who stated that the clinical course does not depend upon eithei the pres- 
ence or the extent of the gelatinous degeneiation In the piesent series, 
there weie 58 cases with malignant epithelium of the scnrhus type In 34 
of these cases, the gelatinous change was diffuse thioughout the tumor and 
the pei centage of five-yeai cuies was 54 In 24 cases, mucoid change ap- 
pealed m isolated poitions of the giowth or was exceedingly scaice In 



Tig 9 — Path Xo 50573 Pipdlarv cn-cmoiin showing mucoid change The 
papillarj structure is seen at the upper margin of the growth and the gra\ gelat 
mous material at the lower There is an intervening dark zone of hemorrhage 

this lattei gioup, there weie 30 pei cent of five-yeai cmes, a pei centage of 
survivals which w r as identical with that found m 1,225 cases of oidmaiy 
scirrhus caicmoma recoided in this laboiatoiy 

Among the caicmomata of the breast in wdnch gelatinous matenal pre- 
dominates, there is a thud gioup of cases containing epithelium of the basal 
cell type Judging fiom the relatively benign charactei of the epithelium and 
from the large amount of mucoid substance, the piognosis m these growths 
should be unusually good This assumption is borne out by the cases of this 
character m this series Nineteen of 25 cases weie tiaced and, with the 
exception of three dying from other causes, all survived the five-year period 
( 100 per cent of five-year cures) 

Among those gelatinous carcinomata with cells appioachmg the basal 
cell type, there is a group which is mici oscopically indistinguishable from 
basal ceil cancer of the adenocystic type, such as is found m the parotid gland, 
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Firs 10A slid 15 — Path Nos 10639 and 7567 Gross specimens of sloi\l> growing scirrhns 
carcinoma with areas of gelatinous degeneration 


Table II 


AN ANAL\ SIS OI' THE nvr-\ EAR MORTALITY RATE BASED UPON THr T\ PT Or Cl M 
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and a poition of the growth may lesemblc benign mixed tumois of the 
parotid (Fig 12) That typical mucoid caicmoma of the mammaiy gland 
tlia y originate as a ioim of adenocvstic basal cell cancel, is suggested by 
three cancels of the In east, lecoided below, m which the mucoid change at 
operation was not yet pionounced and the pi edominating structuie ivas adeno- 
cystic basal cell cancel 

Path No 56x34 — This case was referred to the laboratory by Dr Louisa A 
Keasbex of Lancaster, Pa The patient is a white female, age 46 There is a small lump 
m the right bicast which was noted foi one x car The patient has had three normal 
pregnancies, the last 23 xcais ago She still menstruates regularlx There are no othet 



Fig ii — Path No 41029 Photomicrograph of scirrhous carcinoma with mucoid change The 
majoritj of gelatinous carcinomata show cancer cells of this tape but with more abundant gelatinous 
material 

Fie 12 — Path No 27946 Photomicrograph of a gelatinous carcinoma resembling a mixed 
tumor of the parotid gland This patient remained well 14 jears following r idical operation 

abnormalities in either breast The tumor, which is w'ell circumscribed and situated 
deeply m the breast tissue, is 3 5 cm m diameter A radical mastectomy was performed 
m February, 1935 The tumor was definite!} circumscribed and contained one small 
cast, 05 cm m diameter 

Microscopically, the tumor has the appearance of adcnocj Stic basal cell cancer There 
are numerous acini of variable size containing a mucoid secretion (Fig 13) The patient 
w r as reported w r e!l m September, 1937 

Path No 35x54 — The patient xvas a woman, age 44 The tumor, 2 cnL'm 
diameter, was not adherent to the skin or deep structures, and was situated in the left 
breast There xvere no palpable nodes in the axilla The upper half of the breast only 
xx as removed down to the pectoral muscle in April, 1924 Dr Bloodgood reported on 
the section as probable low grade carcinoma and classified it as borderline but recom- 
mended that it be treated as cancer (Fig 14) The patient xvas given instead post- 
operative irradiation In December, 1924, she had had a goiter operation, additional 
roentgenotherapj , and nodules xvere palpable in the other breast There is no note of 
additional therapy and the patient xvas reported apparently xvell, May 12, 1930 
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ric 13 — Pith No 56134 Photomicrograph of in ndcnoc) stic basal cell circmoma of the breist 
with areas of mucoid secretion (case of Dr I A keasbet, Lancaster, Pi) 


m3. 


.T.. . IG Path No 35154 Photomicrograph of an adenocystic basal cell carcinoma of the breast 

me tumor was treated by excision and postoperatn e irradiation The patient has remained " el! 
six years 

^" IG *5 39095 Photomicrograph of a basal cell cancer of the breast containing tissue 

suggestive of benign adenoma of the parotid gland Note the dilated icim with mucoid secretion 
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Path No 39095—' The patient is a white woman, age 46, who had a tumor ex- 
cised from her breast elsewhere The specimen contains an encapsulated tumor mass 
C cm m diameter The capsule is intact at even point and the mass is embedded m fat 
The tumor has a soft and spongy feeling and on section it is a slatv-black color The 
gross diagnosis suggests hemangioma 



Fig 16 — Path No 35024 Photomicrographs of a small papillary 
tumor of the breast undergoing mucoid change The patient, age 30 had 
two small tumors about 1 cm in diameter, one near the right and one 
near the left nipple The nodules were treated bj simple excision The 
patient has remained well 14 years without further treatment This case 
illustrates the origin of mucoid carcinoma from papillary tumor and the 
low degree of malignancy of such tumors in their early stage of development 

The section of the tumor shows strands of basal cells which differentiate toward 
cubotdal cells, forming definite acini enclosing large amounts of colloid-like material 
(R'g 15) The coagulated material extends into the stroma and many of the acini are 
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Fig i 7 — Path No 50507 Photomicrographs of a papillai> carcinoma 
•with mucoid change This patient was operated upon four times, over a 
period of 30 years She has remained well six years since the last opera 
tion The upper picture shows the papillary structure and the lower the 
gelatinous portion 


* 
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ruptured The tumor has a definite fibious capsule, the surrounding lobules of breast 
are atrophic and embedded m loose penductal fibrous tissue which stains poorly At 
one point in the surrounding breast tissue bot dering on the tumoi there is a duct adenoma 
None of the tumor cells have a definitely malignant appearance, although there is a 
moderate \anation in the size and density of the nuclei 

Mammar) caicmoma with laige amounts of gelatinous matenal mfiltiatmg 
the entue tumoi may contain islands of tumoi cells suggesting an otigm 
from slowly gi owing scirihus 01 paptllaty cancel Such tumoi s contain small 
alveolar stiuctuies with malignant ctiboidal cells suriounded by a chaiactens- 
tic gel, encased in the remnants of penductal 01 peiilobulai connective tissue 
Such slowly giownng adenocarcinomata may contain poitions indicating an 
origin fiom benign 01 malignant papillomata (Fig 16) Moie often the 
relation to papillaiy caicmoma is indicated by the gioss specimen (Figs io 
and n) Three cases of papillary caicmoma with paitial mucoid change 
have been excluded fiom the piesent series because of lelative insignificant 
amounts of mucoid matenal In the following case mucoid change piedom- 
mated m the recun ent tumoi s 

Case Report — Path No 50507 Ihe patient at the age of 18, in 1902, had a 
benign papilloma remo\ed from the right breast with a good margin of breast tissue 
Her first pregnancy was at the age of 27, during the »e\i six years she had four 
more children There were recurrent swellings in the right axillary region with each 
pregnancy which spontaneously regressed dui mg lactation 

Eight years after the birth of her last child and 23 years alter the first opeiation, 
at the age of 41, a small nodule appeared 111 the scai Tins nodule gradually enlarged, 
the overlying skin showed a purple discoloration, broke down, and discharged a dark, 
bloody fluid At a second operation, m 1925, this mass, which proved to be a papillary 
carcinoma, w r as removed and a dissection of the nodes of the right axilla performed 
Four years after the second operation, nodules appeared in the scar in the region ot 
the axillary prolongation of the incision These enlaiged slowly and became tender 
during the next two years At the age of 47, in No\ ember, 1931, 29 years after the 
first excision, a third operation was performed and the recurrent masses lemoved At 
this operation gelatinous material flowed from the wound Dunng the next ten months 
additional masses appeared in the right axilla and a fourth excision w'as performed 
m October, 1932 The patient was lepoiled well five and one-half y r ears later, in 
April, 1938 

The tissue fr 9 m the first operation was reported as a benign mtracystic papilloma 
That from the three subsequent operations showed papillary carcinoma with mucoid 
degeneration (Figs 9 and 17) 

In most of the cases lecorded m this senes, a foim of sen thus caicmoma 
with a tendency to differentiate alveolai -like stiuctuies was appaiently a 
starting point of the gelatinous tumoi The more definite the alveolai -like 
structures the greatei tendency to mucoid change Wheie the histology ap- 
proached typical senrhus caicmoma, the amounts of gelatinous material weie 
small or weie found only m isolated poitions of the tumor 

Ougin of the Gel — The piesent study indicates that a vanety of mam- 
mary carcinomata may undergo mucoid changes, lesultmg m typical gelati- 
nous carcinoma Slowly growing scirihus cancel, papillary adenocarcinoma, 
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and adenocjstic basal cell cancel aie the most fiequent sources for growths in 
which the chaiactei lslic gelatinous matcnal pervades the entile tumor struc- 
ture Kaufman,' Lange" and Ewing- aie among those authors who have 
sought to tiacc the ongin of the gelatinous material to stromal degeneration 
The abundance of the gel and the ciowdmg out of epithelial elements in some 
of these giowths favois such an interpretation (Fig 18) The gelatinous ma- 
tenal, moieovci , does not take the specific stains for mucin Ribbert, 10 Gaabe/ 5 
and most lecent contributions bold that the gel lcsults from the secietory ac- 



I"ic 18 — Path No 18441 Photonucrognph of gelitinou 1 ; 
circinonn where the mucoid change is crowding out the epithelial 
elements which resemble basal cells 


tivity of the malignant epithelium Theie is a preponderance of evidence m 
suppoit of such a view The occunence of the gel in metastatic deposits ui 
the lung and lymph nodes, where fat and fibrous material are sparse 01 
absent, indicates an epithelial origin (Fig 19) Moreover, in papillary tum- 
ors and adenocystic basal cell cancers of the bieast undergoing mucoid change 
the gel can be seen forming within the acinar structuies of the tumor away 
from stromal elements (Figs 12 and 13) 

Treatment — A study of the lesults of treatment in gelatinous carcinoma 
emphasizes the tendency to late lecurrence and a long survival period, in spite 
of incomplete or unsuccessful surgery A period of 5 to 10 years of freedom 
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from symptoms following treatment does not necessanly indicate permanent 
cuie In the piesent senes, theie were 14 cases who suffei ed late recurrences 
Three patients died in the sixth yeai following ladical suigery, two m the 
seventh, one m the eighth >eai, and one in the tenth, and another had a 
similar cancer in the opposite hi east aftoi five yeais Two patients died of 


A 



B 

Tic 19 A and B — Path No 8030 Photomicrograph of comedo cai 
cinoma m which gelatinous change occurred m the metastatic nodules 
of the lymph node but not in the primarj growth Abo\e is illustrated the 
structure of the primarj growth, below' cancer cells with mucoid secretion 
m the metastasis to the l>mph node 

metastases, 16 and 18 years, respectively, after the complete opeiation, and a 
thiul had metastases 14 years latei Two patients had repeated excisions 
for the disease over a period of 11 yeais, one remaining well eight and the 
other 25 yeais after the last opeiation Anothei patient had three opeiations 
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in seven yeais and is well six jeais aftei the last excision In all, 14 patients 
suivivecl the last treatment hy 11 01 moic veais, and among these 11 have 
lemamed well 

Of 83 gelatinous eaneeis, 65 have been adequately traced and of these 
40 or 61 pei cent suivived the five-) ear penod, the icmaining 25 dying of 
the disease If the eases with difluse gelatinous ehange, diseovered only aftei 
micioscopic study, aie included, there aie 76 per cent of five-year cures, and 
if among these only, those showing basal cells .lie considered, the five-yeai 
sui vivals are 100 pei cent 

In 19 cases, the initial tieatment was excision only, in one no treatment 
was given, and in five case 5 simple mastectomv was performed In 12 of 
the 19 cases, wheie excision was employed, the ladical operation was per- 
foimed 111 the next few days The remaining cases were treated hy further 
paitial opciations (simple mastectomy and excisions) 01 by deep roentgeno- 
thciapy In five cases, simple mastectomv was the initial treatment, followed 
by furthei surgeiy in 011I) one instance 

No cuies were established bv simple excision alone with the exception ot 
the case lllustialed in Fig 16 One ease tieated 111 addition by deep roentgeno- 
theiapy is living six )eais One ease was tieated bv excision in 1919* 
simple mastectomy 111 1 922, and by excision of diseased axillaiy nodes in 
1930, and is well in 1938 Anothei patient was tieated by excision 111 1895 
and 1899, leceived fuithei dissections b) Halsted in 1903 and 1906, and died 
fiom accidental death in 1931 One patient treated by simple mastectomy 
was well 16 years lalei and anothei is well aftei six yeais The history of 
two cases initially tieated by incomplete opciation who suivived for more 
than 15 years, but eventually succumbed to the disease, is given below 

Path No 26200 — The patient, a colored female, age 40, was treated for enlarge- 
ment of the thyroid with iodine, 12 jeats ago Four and one-half jears ago, she noticed 
a small lump 111 the upper outer quadrant of the left breast This increased graduallj to 
the si7e of a walnut She struck it with a piece of wood after which it grew larger and 
became painful The mass was excised elsewhere, m 1916, at which time it was 6 cm 
in diameter There is no pathologic note on the specimen One 3 ear later, in i 9 t 7 j 
she noted a recuirence in the upper outer portion of the scar of the incision This has 
gradually increased in size during the past three iears and during the past two weeks 
it has become painful Examination showed a normal thy roid gland The left breast 
was enlarged and showed a scar 14 cm long at the site of the previous excision 
In the midportion of the scar there were tivo masses, one, 9 cm in diameter intcrnallj 
to the scar and another 215 cm in diameter lateral to the scar The overhmg skin 
is attached to the masses and is slightly edematous Both masses gave the sensation 
of fluid under tension on palpation, and over the larger mass there is an area 4 cnl 111 
diameter, which gives the impression of fluctuation Two enlarged lymph nodes can be 
palpated in the left axilla A radical operation was performed July 28, I9 20 Both 
the masses showed hemorrhagic and grey, glistening, translucent material on section 
In the larger tumor a small evst was found Pathologic examination showed definite 
gelatinous carcinoma There are no metastases to nodes, the large axillarv nodes show- 
ing tuberculous adenitis The patient reported that she was well in I9 2 4, was ,,ot 
heard from again Her attending physician reports that she died of recurrent car- 
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cmoma of the breast Febiuan 24, 1938, 18 rears aftei the radical opeiation and 22 

vears after the first excision , , , 

Path No 17869— The patient, at the age of 3b. m *896, had her left breast re- 
moved for cancer There is no note on the duration of sjmptoms or clinical findings 
prior to operation The pectoralis minor was not removed and part of the axilla was 
not dissected A pathologic note by Dr G P Briggs of New York, m 1896, states 




c 


Fig 20A, B and C — Pith No 17S69 Photograph of the patient, gross specimen 
and photomicrograph of i case of gelatinous carcinoma treated In mastectomy, 111 
1896 Dissection of the axilla md removal of the pectoral muscle with recurrent 
cancer was performed, m 191s The patient died, in 1931, with mediastinal metastases, 
35 jears after the first operation 


that the tissue removed last Februaiy, consists chiefly of development of myxomatous 
tissue in the walls of the alveoli, the tumor removed is unquestionably a carcinoma 
which has undergone early degeneration into a mucoid substance of indefinite character 
The degeneration has involved chiefly the carcinomatous cells, beginning in those near- 
est the alveolar wall and often leaving a central bunch of cells which are nearly normal 
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Where breast tissue can still be recognized there is often seen proliferation of epithelial 
cells and infiltration of the fibrous stroma with small round cells Tumors presenting 
extensive degeneration into homogeneous gelatinous material ha\c usual!} been designated 
as colloid and I think this breast tumor is most properl} called a “colloid carcinoma” 

This letter of Dr Briggs, written in 1896, describes the tumor removed b\ Dr 

Bull 

Nine }ears later a mass appeared just below the axilla which gradually increased 
in size In Jul}, 1915, Dr Bloodgood operated upon the recurrent tumor and per- 
formed a partial excision of the mass in the apex of the axilla He found it impossible 
to remove all the tumor because of its proximity of the larger nerves and vessels 
Following this, the patient remained fairh well, but, in 1919, a mass appeared in the 
region of the clavicle The patient received deep roentgenotherapy, in 1919, 1920, and 
in 1922 In 1926, an indurated mass developed, suggesting a recurrence beneath the 
clavicle Further irradiation was given I11 April, 1931, Dr Dandy performed an 
operation for the relief of pain because of svmptoms of nerve pressure m the brachial 
plexus At this operation tumor tissue, microscopicallv verified, was removed from the 
nerves Pain, however, soon recurred with swelling of the arm and l}mphedema 

In November, 1931, the arm was amputated Er.vsipelas developed in the wound 
and the patient died, November 21, 1931, 35 }ears after the first operation with medias- 
tinal metastascs At all the operations, subsequent to 1896, mucoid carcinoma could be 
demonstrated in the axilla or supraclavicular regions (Fig 20 A, B and C) 

In diffuse gelatinous caicinoma with malignant epithelial cells of the 
scirrhus type, 10 cases had metastatic involvement of the lymph nodes Only 
one of these patients was cured and this one remained well 14 years Tw r o 
died five years later of the disease and another had metastascs to the opposite 
breast at the end of five years One was dead four years later of other 
causes 

Six cases of gelatinous carcinoma with basal cells had metastases to the 
axillary lymph nodes One died postoperatively, and another one year later 
of accidental death Three died of the disease, 7, 18 and 35 years, respec- 
tively, after radical operation, and one was repoiled well 16 years later 

Twenty-four cases in the present series showed partial mucoid change 
The predominant histologic picture, with few exceptions, was that of scirrhus 
carcinoma The exceptional cases were comedo cancer (duct cancer) with 
areas of gelatinous carcinoma Twenty of these cases have been adequately 
traced Six survived the five-year period, and 14 are known to be dead 
of the disease Eight of these cases showed skin involvement at the tune 
of the first examination and 16 out of 24 had axillary involvement On 
the other hand, in instances of gelatinous carcinoma with diffuse mucoid 
change, metastases occurred in 19 out of 57 cases, or approximately one-third 
In the fatal cases the lungs were the most frequent site for internal metas- 
tases Such involvement was reported in six cases The liver, brain and 
skeleton w^ere each involved twice 

CONCLUSIONS 

Gelatinous carcinoma is a rare form of mammary cancer, and occurred §3 
times m a series of 2,300 breast cancers The peak of age incidence is be 
tween 46 and 50 years compared to 41 and 45 years for scirrhus cancer The 
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SYNOPSIS or DATA RELEVANT TO 59 CASES OF GELATINOUS CARCINOMA 


Path 

No 

Age 

Duration 

Clinical 

Operation 


Result 

60479 

62-C 

2 yrs 

6 cm , near nipple, nipple bulges, 
skin involvement 

CC* 

5-22-35 

Dead June, 1937 

58398 

55 

3 mos 

Multiple nodules, skin red 

Excision 

8- 7-37 


58216 

34 

21 mos 


C C nght 

CC left 

r-i 5-34 
6-21-37 

Well 4-21-38 

57602 

67 

4 mos 

4 cm L 0 Q , black and blue cyst 

Excision 

CC 

2- 3-37 

2- 5-37 


57290 

41 

4 mos 

3 cm Clinically cyst gel flowed 
from wound 

Excision 

CC 

1 1-18-36 
x 1-20-36 


56134 

46 

i yr 

3 cm , central 

CC 

2-10-35 

Well Sept 1937 

S5693 

68 

4 yrs 

10 cm near nipple, 3 lumps felt, 
skm involvement 

CC 

9-25-33 

Well 2-22-38 

55022 

69 

6 mos 

5 cm , U I 0 , clinically cyst 

Excision 

3- 5-35 

Well 3-28-38 

525/8 

52 

1 yr 

3 cm U 0 0 , nipple protrudes 

CC 

1- 6-34 

Dead 3-19-38 

52081 

76 

2 whs 

3 cm above nipple, second nod- 
ule above, nipple retracted 

CC 

9- 6-32 

Dead 7-7-36, 
other causes 

5122S 

50 

6 mos 

3 cm beneath nipple 

CC right 
Excision left 

5-15-33 

1-10-38 

Metastases left 
axilla 2-24-38 

50507 

48 

14 yrs 

5 cm , skm discolored 

Excision pap 
illoma 

CC 

Excision 

Excision 

1902 

1925 

11-10-31 

10-18-32 

Well 2-27-38 

49620 

52 

3 yrs 

8 cm 

Simple mas- 
tectomy 

X 2— 6-32 

Well 2-27-38 

48052 

40 


4 cm near nipple 

CC 

S-IO -32 

Well 3-7-38 

47241 

45 

3 mos 

Near nipple 

CC 

4-15-30 

Well 2-28-38 

45703 

44-C 

Found 

routine 

3 cm , U 0 0 

Excision 

CC 

8- 5-29 
8-10-29 

Lost 

44868 

41 

2 mos 

Central, nipple discharge 

CC 

5-1 O-31 

Well 1-15-38 

43462 

66 

3 days 

2 cm , U I 0 

Excision 

CC 

Aug 1930 
Aug, 1930 

Well 2-22-38 

41940 

41018 

34 

9 mos 

2 cm , central 

Excision 

CC 

Excision 

7-23-29 

7-24-29 

10-29-30 

Dead 4-26-35 

39396 

39095 

57 

46 

3 mos 

8 cm , L 0 0 , skin red 

5 cm 

CC 

4- 4-27 

Well 2-26-38 

38598 

79 

48 yrs 

5 cm , U I 0 , nipple bulges 

CC 

12- 7-26 

Dead 8-6-35. 
old age 

37682 

40 

2 wks 

6 cm , near nipple, lump in other 
breast 

CC 

5-24-23 

Dead 9-15-28 

36862 

55 

9 yrs 

2 cm , clinically cyst 

CC 

7-16-25 


36257 

36 C 

6 yrs 

Entire breast 

CC 

10-17-24 

Dead 2-11-31 

35465 

44 

2 yrs 

0 5 cm , tumor previously re- 
moved opp breast U 0 Q 

CC 

5 - 13-24 

Dead 2-17-25 
other causes 

35154 

44 


2 cm , upper brea t 

Excision 
X-ray ther- 
apy p 0 

April 1924 

Well 5-12-30 

34353 

66 

8 yrs 

2 cm central, bleeding and pro- 
trusion of nipple 

CC 

12- 8-23 

Well 5-17-30 

34033 

48 

3 yrs 

6 cm , U 0 0 , clinically cyst 

CC 

10- 6-23 

Well 3-14-38 

32651 

40 

3 mos 

2 cm , near nipple, breast cystic 

CC 

4- 6-23 

Metastases 1937 

30464 

30448 

29851 

55 

60 

i yr 

6 cm central, skin discolored 

Autopsy specimen 

CC 

CC 

Explored 

5—29—22 

1920 

1922 

Dead 2-12-25 
Dead 1924, 
heart disease 
Dead Dec 1924 
metastases to 
bone 


*C C — Complete operation for cancer 
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S\ NOPS1S 

OI DATA RLLI VANT TO 59 CASI S 01 

GU ATINOUS 

carcinoma — Continued 

Path . 

No A,:C 

Duration Clinical 

Operation 

Result 


29697 

27946 

32 

50 

2 >rs 

2 cm , chmcnH} c>st 

Decision 
Mnstcctom) 
Excision nx- 
illar> node 
CC 

10“29-I9 

Tcb 1922 
No\ 1930 

1921 

Well 4-6-38 

Veil 3-30-35 

27561 

37 

13 mos 

1 wo lumps 

CC 

2- 7-21 

Dead 4-10-22 
brain metastn 

scs 

26200 

10 

6 } rs 

10 cm 

CC 

6- 3-20 

Dead 2-24-38 
recurrent can 

ccr 

25887 

38 

4 mos 

Blctdinf from nipple 

c c 

10-16-19 

Dead 1921 
metastascs to 
lung 

25249 

2 1495 

30 

04 

5 mos 

Autops} specimen 

CC left 

C C ru lit 
None 

10- 29- !9 

11- 2-20 

Dead 1-29-21 

24433 

70 

2 >rs 

8 cm U 0 0 

C C 

1-28-19 

Dead P 0 

24144 

43 

2'£ >rs 

4 cm central clinical!} fihro 
adenoma 

C C 

2-27-19 

Veil 1930 

21918 

68 

2>' }rs 

Bleeding from nipple 

Mnstcctom> 

7-26-17 

Dead 1919 
heart disease 

18441 

49 

3 mos 


Mnstcctom> 

It- 6-15 

Veil 1931 

17869 

36 


Recurrence after 20 jears 

Mnstcctom} 

CC 

Irradiation 

1S96 

7-22-15 

1919-1922 

Dea d 11-21-31 

cancer 

17378 

6l 

20 >rs 

3 cm , discharge nipple, breast 
indurated 

CC 

4-17-15 

Dead I92t 

1001 1 

13 

6 }rs 

4 cm U 0 0 , clitucallj fibre 
adenoma 

CC 

10- 6-09 

Lost 

9260 

58 

2 mos 

5 cm U I 0 

C c 

10- 1-08 

Dead 1909 

8209 

46 

2 wks 

2 cm U O 0 

CC 

5-16-07 

Dead May 1012 

7101 

69 

3 mos 

5 cm above nipple 

CC 

2-22-06 

Well Aug 1910 

6821 

40 

1 mo 

2 cm , U I 0 , clinically cyst, 
bleeding from nipple 

CC 

11-10-05 

Veil 1921 

5278 

46 

6 mos 

5 cm 0 U 0 skin invohement 

CC 

2-1 1-04 

Dead 1905 

4919 

52 


Central, bleeding from nipple 

CC 

6-23-99 

Dead Jul} 1902 

4918 

51 


Beneath nipple 

Mnstcctom} 

6- 7-02 

Lost 

4874 

43 

9 mos 

5 cm , beneath nipple, bleeding 
from nipple 

CC 

6- 4-03 

Well 193° 

4786 

49 

4 yrs 

4 cm 

Two previous 
excisions 

Excision 

Excision 

1895-1899 

4-23-03 
6- 6-06 

Dead I93 1 
accident 

4204 

45 

4 yrs 

7 cm beneath nipple 

C C 

Excision 
nodes neck 

2- 4-00 
4-15-02 

Dead 1-2-04 

795 

58 

6 mos 

3 cm I U Q , shm mvol\ement 

CC 

3- 2-95 

Dead Nov 1904 

pneumonia 


discovery of a lump was the hist sign noted by the patient in 80 per cent 
of the cases and m nearly half the cases the known duration of the mass 
pnor to examination was a yeai 01 moie, averaging 43 yeais The average 
diameter of the tumoi in the piesent senes was 4 6 cm and only four tumors 
were 10 cm 01 ovei in diameter The most prevalent sites 111 the breast are 
the outei uppei quadrant and central zone 

There aie four chief findings on clinical examination which suggest a 
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diagnosis of gelatinous caicmoma The first, is the 1 datively small size of 
the tumor m comparison with the long duration of symptoms The second, 
is the protrusion and enlargement of the nipple on the affected side The 
third, is the cystic character of the growth on palpation, the growth being 
differentiated from a benign cyst by aspiration of characteristic mucoid ma- 
terial The fourth, is the presence of a “swish” on firm pressure, as originally 
described by Halsted 


Tabic IV 


SYNOPSIS or DATY RELEVANT TO 24 CASES OT SCIRRHUS CANCER WITH MUCOID CHANGE 


Path 

No 

Age 

Duration 

Clinical 

Operation 

Result 

48446 

45703 

44-C 

Routine 

3 cm , upper outer quadrant 

CC 

Excision 

7 - 4-32 

8- 5-29 

Dead 3-15-33, metast- 
ases 

Lost 

41029 

2S 

examina- 

tion 

1 yr 


CC 

C C 

3-26-27 

Dead 7-26-28 heart 

41018 

40882 

48 

4 yrs 

05cm, recurrent 

Excision 

CC 

10-29-30 
10- 9-28 

disease 

Lost 

Dead ig30 metastases 

39347 

73 


5 cm , cystic 

Excision 

twice 

Excision 

5-29-26 

to spine 

Well 1932 

39146 

68 

18 mos 

Discharge nipple ulceration 

C C 

3-16-27 

Dead Sept 1933, 

39112 

47 

18 mos 

Large tumor 

CC 

4-14-27 

phlebitis 

Dead 192S, metastases 

J8S40 

34 

3 wks 

3 cm nipple zone 

Excision 

11-12-26 

to lungs 

Dead 11-23-27 metas- 

37408 

40 

4 mos 

Diffuse, two tumors 

CC 

CC 

11- 18-26 

12- 26-25 

tases to brain 

Dead June 1934, can- 

32416 


1 yr 

5 cm , nipple freely mo\ iblc 

CC 

1-31-23 

cer 

Dead 1926, metastases 

ll 8 S 3 

26068 

32 

2 wks 

Cystic 

Excision 

CC 

11-28-22 

5- 2-20 

to lung 

Dead 

Dead 2-7-24, carci- 

23633 

54 

u mos 

6 cm , near nipple 

Excision 

12- 6-1 5 

noma stomach 

Well 3-4-38 

18592 

16076 

78 

39 

6 mos 

2 yrs 

r cm , skin changes, breast in- 

CC 

CC 

8-27-18 

7-24-14 

Dead 1919 metastases 
Dead 8-6-15. metas- 

1 5549 

43 

2 davs 

filtrated 

CC 

4 - I-I 7 

tases to lung 

Well 2-23-25 

10630 

48 

5 yrs 

14 cm upper hemisphere 

CC 

6- 6-10 

Lost 1927 

Dead 1911 

9733 

32 

2 yrs 

8 cm , nipple zone, pig-skin 

CC 

6- 4-09 

Dead 1914 

9077 

37 

3 mos 

Outer lower quadrant, skin nod- 

CC 

7- 2-08 

Dead 1909 

8467 

46 

9 mos 

ules 

CC 

9-16-07 

Dead 1909 

8039 

31 

8 mos 


CC 

3-21-07 

Dead 1908 

7567 

49 

3 yrs 

9 cm , nipple tone, nodes pal- 

CC 

9-21-06 

Lost 

5078 

45 

2 mos 

pable 

10 cm , skin metastases, nodes 

CC 

1904 

Dead 3 mos later 





palpable 



Mucoid cancers on gioss and micioscopic examination may be diffusely 
or partially gelatinous The gelatinous material has a characteristic gray, 
translucent appearance, resembling tapioca Microscopically, mammary can- 
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ceis with diffuse gelatinous change oiiginatc in papillaiy cancer, adenocystic 
basal cell cancel, 01 slowly glowing adenocarcinoma The mucoid material 
is secieted by the epithelial cells of the tumoi Cancels showing partial mu 
coid change aie usually of the scinhus type In the piesent series, 59 of 
83 cases showed diffuse or ttpica! gelatinous change Thuty-four of 45 of 
these patients, who weic adequately traced, suivived the five-year period — 
75 per cent of fivc-ycai cuics Si\ of these patients eventually died of 
lecuirent disease, one case 16 \ears, another 18 yeais after radical mastectomy 
Twenty of 24 cases with caicinomata showing partial mucoid change 
were adequately ti aced Oul) five sunned the fne-jear period — 30 pei cent 
of five-yeai cures In the piesent series, the fi\ e-yeai sunivals for all types 
of mammai) caicinomata showing mucoid change (diffuse or partial) was 
60 pei cent 


REFERENCES 

1 Cheatlc, G L , and Cutler, M Gelatinous Carcinoma of the Breast Arch Surg , 20, 

569, 1930 

2 Ewing, J Neoplastic Diseases Third Edition, \V B Saunders, Philadelphia, 1928 
1 Gaabe, G Dcr G'dlcrtkrcbs dcr Brustdrusc Beitr 7 him Clur , 60, 760, 1908 

* Halsted, W S A Diagnostic Sign of Gelatinous Carcinoma of the Breast JAMA, 
64, 1653, 1915 

Kaufman, E Lehrbuch der Spccicllcn pathologishcn anatomic Third Edition, 698, 
Berlin, 1904 

"Lange, F Der Gallcrtkrebs dcr Brustdrusc Beitr 7 him Clur, 16, 1-60, 1896 
" Lee, B J , Hauser, H , and Pack, G T Gelatinous Carcinoma of the Breast Surg , 
Gynec , and Obst , 59, 841, 1934 

R Muller, Jonathan Uber den feincrcii Ban und die Formcn dcr Kranhhaften Gc- 
sclnvulster S, 17, Berlin, 1838 

"Otto, K Seltenc Beolnchtungen 7 Anatomic, Plnsiologie und Pathol Breslau, 1816 
(Nacli J Muller 8 ) 

’"Ribbert, M W H Gesclnvulste Lehre Bonn, 1904 

n Robinson, R R Gelatnuform Cancer of the Breast Trans Path Soc of London, 4> 
275. 1853 

12 Rokitansky Ztsclir der Gesellschaft der Aer/te 711 Wien, Jahrg I, Bd S, 97. 9. I °S3 


346 



THE DIFFERENTIAL DIAGNOSIS OF HYPERPARATHYROIDISM* 

WITH SPECIAL REFERENCE TO POLYOSTOTIC FIBROUS DYSPLASIA 

(Lichtenstein — J ajf e ) 

John H Garlock, MD 
Nnw York, N Y 

FKOM HIE SUHG1CU SHtWCF OF THE MT SIN U HOSPITAL, NMV YOHK, N Y 

In the 12 years that have passed since Mandl, at the suggestion of Erd- 
heitn, fiist removed a parathyroid adenoma m a case of hyperparathyroidism, 
the numbei of leported cases of this disease has increased considerably Up 
until Februaiy, 1936, Wildei and Howell were able to collect 135 cases, which, 
upon careful analysis, were unquestionably authentic instances of the disease 
Undoubtedly, there have been many others which have not been leported 
The clinical, roentgenographic, and chemical aspects of hyperparathyroid- 
ism have been stressed so fiequently 111 the past decade that the disease has 
become familiar to the medical profession at large 

It may be well, however, to again state that the various manifestations of 
hyperparathyroidism are dependent upon the secretory hyperactivity of one 
or moie parathyroid adenomata which bring about a profound disturbance of 
calcium and phosphorus metabolism, and that surgical removal of the tumor 
results m either complete cure or marked amelioration of the symptoms The 
disease, which occurs more frequently m females and usually in middle life, 
is measured, as a rule, 111 terms of years It is chaiacterized by bone and joint 
pam, muscle weakness, localized bone swellings, pathologic fractures, particu- 
larly of the extremities and ribs, disturbances of gait, and, in advanced cases, 
deformities of the bones There may be other symptoms which become so 
prominent as to cloud the more important aspects of the clinical picture 
These are attacks of intractable nausea and vomiting, polyuria and polydypsia, 
renal colic, anorexia, severe constipation, loss of weight, and secondary anemia 
The explanation of the roentgenologic findings rests upon a knowledge of 
the disturbance of physiologic activity of the parathyroid tumor Normally, 
it is the function of the parathyroid bodies to control calcium and phosphorus 
metabolism within the narrow confines of fairly constant blood serum values 
of 9 5 to 10 5 mg of calcium per 100 cc and 3 to 3 5 mg of phosphorus per 
100 cc When parathyroid activity is increased, because of the presence of a 
hyperfunctioning tumor, the serum calcium level is increased and the phos- 
phorus decreased due to the fact that greater quantities of calcium salts are 
withdrawn from the bones Usually, increased phosphatase activity can be 
demonstrated The effect of prolonged withdrawal of calcium salts from the 
skeleton be comes evident upon roentgenologic examination The bones of the 

*Read before the New York Surgical Society, January 26, 1938 Submitted for pub- 
lication December 28, 1937 
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skull picscnt a find} gt.inulai appeal ancc "J he long bones appear porotic 
with thinning of the coitex and trabeculae Theic may he qst formation in 
the center of the shaft The pelvic hones ai e frequently cystic The vertebrae 
present a coaisely gianulai pattern sinulai to that seen m the skull Due to 
softening of the skeleton, defoi unties icsult fiom gradual collapse of sup- 
porting structures such as the spine, pehis and thoracic cage 

Up to the picscnt time, most obsciveis have agieed that a diagnosis of 
livpci paiathyioidism should he made when, in addition to the clinical simp- 



1 

1 ig i —Case i Roentkcnognm of skull sliouitiR a fincl> grinuhr 'ippeir 
ance of the bone* of the ciK*iruim due to absorption of edenuu 

toms and 1 oentgenologic findings alieady enumeiated, theie is found a hypei- 
calcenua, a hypophosphatemia, an mciease in the seium phosphatase and a 
proven negative calcium balance In fact, the combination of these laboiaton 
findings is considered pathognomonic of the disease However, the course of 
events and the laboiatory findings in Case 3, heiewitb appended, tend to cast 
considerable doubt as to the validity of considering these laboratory tests as 
pathognomonic of hyperpai athyroidism As a result of this experience it may 
become necessaiy to leconsidei the entire problem 111 older to establish criteria 
which would aid in the mcieasingly difficult aspects of differential diagnosis 
In order to emphasise some of the points to be considered in differen ia 
diagnosis, two cases ot pi oven hypei paiathyioidism aie briefly reported 

Case 1 — M L , female, age 29, single, referred by Dr Reuben Ottenberg on March 
30, 1937 About 18 months previous!}, she had consulted her dentist concerning the re 
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moral of a tooth Roentgenologic examination of the jaw 
at the time showed bony rarefaction nnolvmg the maxilla 
and mandible A few months later, after a comparative!} 
slight injur}, the patient fractured the left patella, which, 
however, united without much difficulty About one yeai 
ago, roentgenologic examination of the long bones demon- 
strated small cystic areas in the lower ends of the right 
radius and ulna At that time the blood calcium was re- 
ported to be 14 mg per 100 cc , and the phosphorus 2 mg 
A roentgenologic examination of the entire skeleton 
showed (a) Marked decalcification of the skull, which 
presented a sie\e-like appearance, (b) the radius and ulna 
were decalcified, w f ith small cystic areas in the proximal 
end of the left radius and distal ends of right radius and 
ulna , (c) the knees show ed marked bom absorption in the 
femora, w'lth cysts in the left patella, (d) the pehis 
showed cystic bone absorption m the right ilium and a sus- 
picious area in the left sacrum Roentgenologic examina- 
tion of the kidners showed no calculi (Figs 1, 2 and 3) 
Plnsical examination was negative Urine and blood 
examinations showed no abnormalities Just previous to 
admission to the hospital, the serum calcium was 11 8 mg , 
phosphorus 2 4 mg and phosphatase 30 5 Bodanskv units 
The patient was admitted to the Mt Sinai Hospital 
April 7, 1937 Calcium balance studies showed that, after 
a three-da} diet containing 300 mg of calcium, the excre- 



Fig 2 — Case 1 Roentgeno 
grim of left knee shotting c>st 
in left patella and coarse trabecu 
lation of the femur and tibia 
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tion of calcium was i 073 mg, 771 mg appearing m the urine and the remainder m the 
feces In other words, there was a negative calcium balance of 773 mg 

Opaatwu — April 13, 1937 A paiatinroid adenoma measuring 4 5 bj 2 b\ 1 cm was 
found at the lower pole of the right lobe of the thvroid gland (Tig 4) It dipped down- 
ward, behind the sternum, toward the mediastinum Both sides of the neck were explored, 
but no othei tumors were found Two normal parathyroid bodies were found on the 

Patholot/n Examwalwii of the tumor 
showed it to be quite cellular It was composed 
mainh of pale, water-clear chief cells, with 
frccpicnt giant cells, and some small groups of 
oxvpluk cells (Tig 4) 

Comalescence was uneventful until the 
fourth da\, when she developed headache 
tingling 111 the face, hands and feet, and diar- 
thea There was a positive Chvostek’s sign 
\t this time the serum calcium was 69 mg 
and the phosphorus 3 mg This mild tetanv 
lesponded promptlv to parathormone and cal- 
cium gluconate At the time she left the hos- 
pital, April 23, 1937, the serum ralcium was 
9 mg 

Since her discharge the patient has 1111- 
pioved steadilv There has been no recurrence 
of svmptoms and the blood figures arc normal 
The patient has returned to work 

Case 2 - — Hosp No 407735 An Italian 
woman, age 36, was admitted to the Medical 
Service of the Mt Sinai Hospital September 
8, 1936 For the preceding vear she had been 
iccciving treatment in the Out-Patient De- 
partment for a right renal calculus She com- 
plained of recurring attacks of pain 111 the right 
lumbar region, which had begun four years previously, following a pregnanev The pain 
occasionally radiated to the right groin It was never accompanied bv chills, fever or 
hematuria The past lustor} was irrelevant 

Ph}sical examination was negative The blood count was normal, as was also the 
urinalysis Blood sugar, 90 mg , urea nitrogen, 15 mg , serum calcium, 13 mg , serum 
phosphorus, 4 mg Phosphatase determination showed eight King-Armstrong units A 
later blood examination showed the calcium to be 11 8 mg and the phosphorus 3 5 m 5 
Roentgenologic examination of the skull and long bones failed to rev cal anv abnormalitv 
A suspicious rarefied c}stic-hkc area was seen 111 the left ilium The patient was dis- 
charged September 30, 1936, as a possible case of hvperparathvroidism 

She was readmitted April 26, 1937, complaining that she had been having generalized 
bone pains for the preceding three months These were boring in character and involved 
mainly the left shoulder, knees and hips She also experienced occasional attacks of 
nausea without vomiting 

Phj r sical examination was again negative The roentgenologic examination was re- 
peated and disclosed an enlargement of the previously noted cystic area in the left ilium 
as well as the presence of two small calculi m the right kidney pelvis (Fig 5) Serum 
calcium, 11 6 mg , phosphorus, 34 mg , calcium balance studies revealed a daily negative 
balance of one gram 



Fig 4 — Case i Photograph of tumor 
of the parathyroid remoaed at operation 
Microscopic section of it which shows that 
the tumor was composed mainly of chief cells 
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I ic 7 — Case 3 Roentgenogr tm of tlic left hip show 
mg mi incomplete fiacture of the neck of the femur mill 
the apparent cjstic rarefaction of the neck mil <slnft of 
the femur 



Fig 8 — Case 3 Roentgenogram of the skull showing the fineh 
granular appearance similar to that seen in Fig 1 In addition, there 
is apparent cystic rarefaction of the occipital protuberance 

352 



Volume 108 
Jutmlier A 


HYPERPARATHYROIDISM 


Opet at ton —April 30, 1937 Considerable difficulty was encountered m locating the 
parathyroid adenoma, which was finally found embedded in the substance of the right 
lobe of the thjroid near its postero-external surface The adenoma which measured 
3 by 2 5 b\ 15 cm, presented the typical 1 eddish-brown color It was removed t» toto 
Search was made for additional tumors, but none were found Two normal parathyroid 
bodies were demonstrated Histologic examination of the adenoma showed it to be com- 
posed niaml) of chief cells (Fig 6) 

Convalescence was uneventful othei than for the de\elopment of a positive Chvostek’s 
sign which peisistcd for one week The serum calcium figuies w>ere 8 7, 9 7 and 91 mg 
The patient v'as discharged Maj 15 m excellent condition 

When last seen, November 8, 1937, she stated that she no longer had any bone pains 
and that the pain m the right lumbar region had also disappeared 


r* 




Fig 9 — Case 1 Roentgenogram of the light humerus 
which presents an appear nice similar to that seen in osteitis 
fibrosa cjstica Closer examination indicates thinning of 
the cortex which, on microscopic section, is found to be 
due to erosion from the endosteal surface The apparent 
c>stic areas represent fibrous tissue containing islands of 
immature bone 

In conti achstmction to the above cases, I wish to repoit, 111 detail, the 
histoiy of the patient which foims the basis of this papei 

Case 3 — M S, male, age 4 7, was seen May 2, 1937 in Richmond, Wa, in consulta- 
tion with Drs Wm H Higgins, Carrington Williams, Bigger and Alice Bernheim Ap- 
proximately two months previously, while in England, the patient had developed pain and 
lameness in the left hip Three u'eeks later while playing ping-pong on board ship, he 
experienced a sudden, sharp pain m the left hip He was able, however, to carry on his 
activities, but with some difficulty Roentgenologic examination demonstrated an incom- 
plete fracture of the neck of the left femur without displacement or impaction (Fig 7) 
n Edition, there was found an extensive rarefaction of the neck and shaft of the femur 
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which suggested to Doctor Iliggins the possibility of osteitis fibrosa c\stica He was ad- 
mitted to St Luke’s Hospital, Richmond, for study 

Roentgenologic examination of the remainder of the skeleton disclosed what appeared 
to he cystic rarefactions in the lower end of the left femur, lower end of right humerus, 
occipital hone, pelvis and two nhs (Figs 8, y and io) Blood scrum examination showed 
calcium, 13 mg , and phosphorus, 28 mg per 100 cc 

O11 the natural assumption that the patient was sufTcnng from hvperparatbvroidism 
resulting 111 a pathologic fracture of the left hip, exploration of the neck was undertaken 
by Dr Carrington Williams After a prolonged and thorough search, no parathyroid 
adenoma was demonstrable Convalescence was uneventful and the wound healed In first 
intention 



Tic 10 — Csse 3 Roeiitguiogrim of left femur The 
findings here are similar to those seen in Tig 9 Thei 
may he easily mistaken for the roentgenologic ewdcncc one 
sees in cases of osteitis fibrosa castica 


Careful inquiry into the patient’s past history brought out the interesting fact that 
since childhood the left leg had been one inch longer than the right, and that for the past 
ten years the patient had had frequent pains in the left thigh and knee 

The patient was transferred to New York m order that careful calcium balance 
studies might be undertaken in the hope of definitely establishing a positive diagnosis, am 
entered the New York Hospital May 4, 1937 

Examination w r as negative except for a prominent occipital protuberance and the fact 
that the left lower extremity was 3 cm longer than the right 

Laboi atoi y Data — Urine, negative, there was no Bence-Jones protein, hemoglobin, 
94 per cent , red blood cells, 4,570,000 , white blood cells, 8,600 , polymorphonuclear leuko- 
cytes, 66 per cent, lymphocytes, 19 per cent, monocytes, ji per cent, basophiles, 4 P er 
cent , serum calcium, 1 1 3 mg , phosphorus, 3 2 mg , and phosphatase, four Bodansky 
units 
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The patient was placed on a three-day diet containing 300 mg of calcium During 
this time, bowel function was normal The diet was continued for three more days and 
all urine and feces excreted during this second period were examined for calcium excre- 
tion The measured calcium intake during the initial three-day period obviates the pos- 
sibility of error from additional calcium which may be present m the intestinal tract 
Examination of the stool and urine specimens collected during the second period showed 
an excretion of 1347 mg of calcium, 841 mg appearing m the urine and 706 mg m the 
feces In other words, the patient presented a marked negative calcium balance This 
seemed fairly conclusive confirmatory evidence of the existence of hyperparathyroidism 
Before undertaking a second neck exploration, I asked Dr H Jaffee to see the 
patient Alter a prolonged examination of the roentgenograms and the laboratory data, 
he formed the opinion that the evidence was ovenvhelmmgh in favor of a diagnosis of 
In perparathyroidism, but resen ed a 5 per cent possibility that the patient might be suffer- 



Fig 11 — Chse 3 Microscopic section of the bone biopsj taken from the left 
femui which shows fibrous tissue metaplasia of the bone mariow containing scattered 
islands of immature bone This is one of the characteristic findings of “poljostotic 
fibrous djsplasn ” 

mg from polyostotic fibrous dysplasia He concurred in the opinion that the neck should 
he explored again 

Operation — May 14, 1937 The technical difficulties w'ere considerable because of 
extensive scarring A thorough exploration of the neck and superior mediastinum wrns 
made, but no parathyroid adenoma w’as found The w'ound was closed Through a longi- 
tudinal incision on the lateral aspect of the left thigh, the upper part of the femur was 
exposed and a liberal section of cortex and subjacent tissue w r as removed The cortex 
was found to be extensively eburnated and somewdiat thinned The marrow was replaced 
by dense fibrous tissue which had a rubbery consistency 

Pathologic E\ammahon of the bone biopsy material by Doctor Jaffe showed replace- 
ment of the normal marrow' by vascular fibrous tissue which contained numerous trabeculae 
of immature bone (Fig n) There were no giant cells and no evidences of active resorp- 
tion or transformation of the metaplastic new bone Diagnosis — Polyostotic fibrous 
dysplasia 

Convalescence was uneventful The operative wound healed without incident and the 
patient returned to Richmond the end of May Repeated roentgenologic examinations of 
the hip showed subsequent solid union at the site of fracture At Doctor Bernheim’s sug- 
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gcstion the patient was placed on a high calcium and high \itannn diet which he has con- 
tinued to date He was advised to avoid undue physical actnitj in order to guard against 
possible fracture He has resumed his business activitj and now feels well A recent 
check-up locntgenologic examination of the skeleton indicates that some calcification of 
the involved bones is taking place The scrum calcium is 8 7 mg , phosphorus, 3 4 mg , 
phosphatase, 5 9 Bodanskj units 

Discussion — Thcie will appeal in the Ai chives of Surgery, vol 36, 
S74-898, May, 1938, an at tide In L Lichtenstein on “Polyostotic Fibrous 
Dysplasia’’ The material forming the basis of this paper was assembled in 
the laboratory of Di H JafTe at the Hospital foi Joint Diseases in New York 
The following discussion of the disease is based upon conversations with Drs 
Jaffe and Lichtenstein, to whom appieciation is hereby expressed for the 
pnvilege of lepoiting, bneflj, the icsults of their 1m cstigations 

The disease, which Lichtenstein gives the name “Polyostotic Fibrous 
Dysplasia,” has been, hcietofoie, reported in the litei attire undei a great 
tanety of titles, such as “Osteo-D} sti ophia Fibrosa Umlaterahs,” “Unilateral 
Recklinghausen’s Disease,” “Unilateial Polyostotic Osteitis Fibrosa,” “Focal 
Osteitis Fibiosa,” “Osteitis Fibrosa in Multiple Foci,” “Osteitis Fibrosa wuth 
Formation of Hyaline Cartilage,” “Osteitis Fibrosa Disseminata,” etc Lich- 
tenstein and Taffe have, up to the piescnt time, seen nine instances of the 
disease, foui in their own hospital and five at otliei institutions, including the 
case repoited in this paper 

A review of the case histories would seem to indicate that the age of onset 
of symptoms is in childhood 01 eaily adolescence, and that females are pre- 
dominantly affected The common presenting symptoms are limp, hone pain, 
deformity of the affected limb and pathologic fractuie It may take years foi 
the disease to piogiess to a point wdicie medical aid is sought Our patient 
was age 47 before seveie symptoms developed, although hone pain had been 
present for the preceding 10 01 12 yeais 

A peculiar featuie is the tendency of the hone lesions to he pi edomniantly 
unilateral in distribution, eithci side being affected without preference De- 
ceptions to this, however, ai e not uncommon, as is indicated in our own case 
Although the femui and tibia aie most fiequently involved, it is not unusual to 
find evidences of the disease in the ladius and humeius as w’ell The skull and 
pelvis may also he aftected 

The characteristic findings on roentgenologic examination may he sum- 
manzed as follows (1) Broadening or expansion of the bone, (2) thinning 
of the coitex, (3) chaiacteristic rarefied and appaiently tiabeculated appear- 
ance, (4) secondary deformities of the affected bones Pathologic fracture 
of the neck of the femur is common Inasmuch as the condition is frequently 
erroneously interpreted as osteitis fibiosa cystica, 01 Recklinghausen’s disease, 
it is important to examine the entire skeleton loentgenologically in order to 
determine whethei the hone lesions aie unilateral m distribution This is an 
important point in differential diagnosis As will he pointed out, the bones 
involved in polyostotic fibrous dysplasia do not contain cysts, in contradistmc 
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tion to hypei pai atliyi oidism, and this must be borne in nnnd when interpreting 
the roentgenograms 

The basis of Lichtenstein’s mterpi etation of the pathologic features of the 
disease is adequate biopsy material obtained from nine cases The bone cortex 
is considerably thinned out, due in part to resorption, but laigely to erosion 
of the endosteal suiface by the proliferating fibrous tissue replacing the mar- 
row cavity There is no evidence of penosteal proliferation 01 new bone de- 
position The medullary cavity is filled with fibious tissue which is grayish- 
wlute in coloi and has a peculiar consistency described as spongy or rubbery 
It has also been noted to be gritty This fibious tissue is composed of spindle 
cells with oval, pale staining nuclei In some areas the basic connective 
tissue has undeigone a fibroblastic differentiation into mature connective tissue 
containing a laige amount of collagen Dispersed n regularly in this fibrous 
tissue may be seen small tiabeculae of piinntive, poorly calcified new bone 
The fibrous tissue appears relatively avascular There may be seen small 
nests of giant cells, lesemblmg osteoclasts Occasional islands of hyaline 
cartilage may be found within the fibious tissue This is not a constant 
finding 

I wish to quote verbatim from Lichtenstein’s paper in ordei to express 
Ins views on the pathogenesis of this disease “The chai acteristic pathologic 
feature of polyostotic fibious dysplasia appeals to be a disturbed function 01 
development of the bone-forming mesenchyme, which results in replacement 
of the spongiosa and filling of the medullary cavity of affected bones by 
fibrous tissue in 'which trabeculae of poorly calcified pnmitive new bone are 
developed by osseous metaplasia The seemingly complex histologic picture 
becomes much easier to interpret if one predicates the multipotential capacity 
of this undifferentiated fibrous tissue The latter noimally gives rise to the 
spongiosa and to the myeloid or fatty marrow, but under pathologic condi- 
tions it may develop in several anomalous ways By osseous metaplasia, it 
gives rise to osteoid and primitive fiber bone By cartilaginous metaplasia, it 
gives rise to sporadic, isolated islands of hyaline cartilage, which tend to be- 
come calcified By fibroblastic differentiation, it gives rise to mature col- 
lagenous connective tissue Finally, by coalescence of its nuclei, it may give 
rise to multmuclear cells, indistinguishable fiom osteoclasts Whatever stimu- 
lates the continued perverted activity of the undifferentiated fibrous bone- 
formmg mesenchyme, or initiates the disorder remains a matter of conjecture 
The clinical history of symptoms dating back to early childhood strongly 
suggests a congenital basis for this curious anomaly ” 

In Lichtenstein’s series, serum calcium determinations ranged between 
98 and 11 mg pei ioo cc The serum phosphorus estimations showed no 
significant change In three of his cases, the phosphatase was considerably 
increased, namely, 17, 18 and 22 Bodansky units Lichtenstein feels that the 
increased phosphatase values in polyostotic fibrous dysplasia afford addi- 
tional evidence to support the contention of Bodansky and Jaffe that the 
activity of the enzyme phosphatase is proportional to the stimulus to new bone 
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formation It is intci esting to note that the scium \ allies of the patient re- 
ported m this papei weie such as to confuse the diagnostic pioblem consid- 
erably In Richmond, the scrum calcium was 13 mg and the phosphorus 
2 8 mg When these weie lepeated 111 Beinheun’s laboratoiy at the New York 
Hospital, thc\ were 11 3 mg of calcium and 3 2 mg of phosphorus The 
phosphatase determination was four units 

In none of the cases studied at the Hospital for Joint Diseases were cal- 
cium balance studies made I11 our own case, such studies showed an excretion 
of 1547 mg of calcium in the urine and feces mei a threc-da\ period, during 
which a measuied diet containing 300 mg was ingested This indicated a 



lie 12 — Microscopic section from a tipieal cisc of "pohostotic fibrous ihspHsn 
showing the fibrous tissue filling the mcdullara cawt\ ami thinning of the bone cortex 
due largelj to erosion of the endosteal surface Dispersed irregularis in the fibrous 
tissue are small trabeculae of pnniitnc poorls calcified new bone (Trom the collection 
of Dr Henrj Jaffc, Hospital for Joint Disease Xcw tori) 

marked negative calcium balance which, in conjunction until all other findings, 
was consideied conclusive evidence of an existing hypeiparathyioidism 

The impoitance of the laboiatoiy and loentgenologic findings in Case 3 
now' becomes obvious It is evident that a patient until polyostotic fibrous 
dysplasia may piesenl all the clinical and confiimatory laboratoiy evidence 
usually associated until hyperparathyroidism, 01 osteitis fibrosa cystica 

CONCLUSIONS 

It is suggested, theiefoie, that the suigeon, when confronted with sus- 
picious bone lesions evident m the roentgenogiams, and seium estimations of 
calcium and phosphoius which are outside the normal limits, and in spite of 
the fact that calcium metabolism studies may show a negative balance, should 
not be too hasty to advise exploration of the neck foi a parathyioid adenoma 
It is suggested further that, wdien doubt exists as to the diagnosis, additional 
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investigation should be undei taken to claufy the situation This consists, 
fust, of roentgenologic examination of the skeleton to deteimme whether the 
bone lesions have a piedonunantly unilateral distnbution and second, the per- 
formance of a bone biopsy The latter will definitely establish the diagnosis 
by differentiating the characteristic histologic pictuies of polyostotic fibrous 
dysplasia and hyperpaiathyroidism (Figs 12 and 13) 



Fig 13 — Photomicrognjih from a t>pical case of osteitis fibrosa cystica which 
should be compared with Tig 12 This indicates that roost of the bone change has 
taken place in the corte\ with cjstic degeneration and bone absorption as the pre 
dominant features There is little or no change in the medullarj cavity (From the 
collection of Dr Henry Jaffe, Hospital for Joint Disease, New York ) 

Discussion — Dr Emil Goetsch (Brooklyn) said that Doctor Garlock 
had diawn attention to some very interesting as well as anomalous conditions 
which simulate paiathyroid dysfunction but which are not due to parathyroid 
hyperactivity The piesent status of knowledge concerning the parathyroid is 
rather confused but, as with pievious clinical syndromes, the time will come 
when those due to paiathyioid dysfunction will be moie clearly differentiated 
The first two cases were unusually illustrative of the clinical conditions 
typical of parathyioid adenomatous tumors There were the usual blood 
changes with elevation of the calcium level and a diminution m the phosphorus 
content There was an increase in the phosphatase and the bone changes first 
described by von Recklinghausen were typical of those found m instances of 
hyperactivity of the parathyroid It is very satisfactory to have found para- 
thyioid adenomata with the establishment of the real cause of the disease, and 
it is very satisfactory to have obtained such good results aftei the removal of 
the parathyroid tumors Incidentally, too, the calcium and phosphorus con- 
tent of the blood returned to normal, and there was an improvement m the 
condition of the bones due to ledeposition of calcium m those areas from 
which calcium had been absorbed 

The thud case was rathei troublesome m that the bone changes were cer- 
tainly suggestive of those found m hyperparathyroidism and there was asso- 
ciated a negative calcium balance, an association of findings very suggestive of 
paiathyroid tumor Aftei most caieful search, no parathyroid tumoi or 
adenoma was found Doctor Garlock called attention to the disease designated 
as poly° s t°tic fibrous dysplasia” which exhibits the findings just described 
and warned against being too hasty m operating for a supposed instance of 
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paiathyioid tumoi even in the presence of a negative calcium balance and 
larefaction of the bones 

The last case further demolish ated the gicat \aluc of calcium balance 
studies and that one cannot lely upon blood calcium findings alone Calcium 
balance determinations ovet the thiee-da) period are far more valuable than a 
few isolated blood calcium detet munitions Thus, a high calcium change maj 
be piescnl due to failure of exaction 01, on the othei hand, a relatively low 
calcium may be present m instances of rapid excretion The value of calcium 
balance detei munition, thcrcfoi c is oln unis Doctoi Garlock v arned against too 
prompt exploiation of the neck befoie a \ei\ careful clinical investigation has 
been made Too mail) conditions in which calcium deposits have been found, 
such as arthntic changes oi ai teriosclcrosis. ha\e been attributed to parathyroid 
(l)sfunction E\en sclerodeima 01 arteriosclerosis has been attributed to dis- 
turbances of parath) roid functSSn In a lccent case of this kind with exten- 
sive sclciosis, stiffness of the face and “wooden” fingers, Doctor Goetsch was 
prevailed upon to explore foi parathyroid tumor but after most careful search 
nothing was found, although there was present an interesting generalized 
fibrous sclerosis, deep as well as superficial Incidentall) a small isolated 
tumor of thymus tissue was found at the right lower pole At times it is 
difficult to identif), absolutel), paratln i oid tissue for it may be atypical and 
thus be confused with the appeal ances commonly noted in true lymph nodes or 
hemolymph nodes commonh found in the legion of the parath) roids Also 
there may be an admixture of hmphoid tissue Illustrations are sometimes 
exhibited which appeal more like hmphoid tissue than true paratln roid tissue 

Dr Henry L Jaeie (New Voik) thanked Doctor Garlock for his gen- 
erous acknowledgment of the wotk of Doctor Lichtenstein and himself in 
connection with “polyostotic fibious d) splasia,” the patholog) of which the) 
had been able to clarify on the basis of cases coming under their observation 
wduch helped to establish it as an entit) 

A numbei of points bear lecmphasis One raicly observes a cleai-cut 
inciease in the seium calcium value in “polyostotic fibrous d) splasia ’ Of the 
cases observed by Doctor Jaffe onh tw'O had figures above u. and those figures 
w r ere below' n 5 mg per 100 cc The seium phosphorus figures (wduch are also 
important in the diagnosis of line cases of hyperpaiathyioidism) w'ere more 
or less normal in all the cases obsened The seium phosphatase activity 
values were high except in one case, and that was a man of 47 His biopsy 
specimen showed relatively little new' bone in the fibrous tissue filling the 
marrow cavity and, fui thermoi e, tlieie was not veiy extensive involvement 
in Ins case In younger subjects, with moie extensive lesions, the phosphatase 
values were high and, indeed, as high as in In pci parathyroidism 

The maiked negative calcium balance icpoited by Doctoi Gailock threw' 
Doctor Jafife off altogether O11 empnic giounds he could not believe that 
cases of “polyostotic fibrous dysplasia” should show' pi onounced negative cal- 
cium balances In fact, he consideied making calcium balance studies on 
several of his cases, but since the osseous involvement w'as not generalized 
and was often quite limited, he felt ceitain that the calcium balance studies 
would show' nothing remaikable It is true that Doctoi Goetsch emphasized 
the value of calcium balance studies and many people have been stressing their 
value in diagnosis of various skeletal diseases Neveitheless, Doctor Jane 
doubted the value of the information obtainable fiom a tluee-day calcium 
balance study as done by present methods The fact is that a normal person on 
a diet containing 100 mg of calcium show's m a three-days’ balance study a 
negative calcium balance and the calcium balance studies only measure the 
degree of negativeness from person to person Doctor Jaffe did not doub 
Doctor Bernheim’s figures for Doctor Garlock’s case, yet he w'as skeptica 
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that subjects with “polyostotic fibrous dysplasia” show pionounced negative 
balances He emphasized that it is of the utmost importance to clarify this 
point m the differential diagnosis between this condition and hyperparathyroid- 
ism Certainly if studies of additional cases show that the calcium balance is 
severely negative, then there is another confusing point m the differential 
diagnosis between it and hyperparathyroidism Doctor Jaffe hoped for the 
sake of diagnosis that it would prove to be otherwise 

Regarding roentgenologic findings, Doctor Jaffe affirmed Doctor Garlock’s 
statement that there is a tendency for the lesions to be unilateral Further- 
more, the lesions, statistically, tend to concentrate m the femur and tibia, 
although he had seen them m the calvarium and particularly m the occipital 
bone, also m the ribs, m the vertebrae, in the pelvic bones, and even m the 
small bones of hands and feet The reason why cases of “polyostotic fibrous 
dysplasia” are misdiagnosed as hypeiparathyroidism is that the fibrous tissue 
growing m the marrow cavity erodes the inner surface of the cortex and may 
even distend the bone, and, of course, the bone shadow is suggestive of a cyst 
Actually these bones are not cystic When one penetrates the cortex, one 
finds the marrow cavity filled by a hard and almost rubbery tissue Even 
where the picture is, roentgenographically, clearly that of a cyst, this type of 
tissue exists 

One important point m the roentgenologic differential diagnosis between 
“polyostotic fibrous dysplasia” and hyperparathyroidism is rarefaction of the 
cortex of most bones m the latter and the absence of cortical larefaction except 
m the affected bone in the formei 

Dr Carl G Burdick (New York) asked Doctor Jaffe regarding the 
outcome of some of the cases he had followed 

Doctor Jaffe answered that the first case he saw was a girl who at the time 
of his first observation (1926) showed involvement of a number of ribs, one 
femur, and one tibia She had a fracture through the neck of the femur She 
left the Hospital for Joint Diseases and some years later Doctor Jaffe traced 
her to Long Island College Hospital where a bone graft had been inserted m 
the femur She became a mother of two children and her illness was not 
particularly aggravated by the pregnancies She still has the disease and 
presumably she will go on having it Some of the lesions may subside some- 
what as she becomes older The fibrous tissue may become more collagenous 
and the condition consequently less progressive 

Dr Bradley L Coley (New York) recalled a case of malignant tumor 
of the parathyroid gland which he showed before the New York Surgical 
Society m 1936 At that time it was assumed that the changes m the patient’s 
spine, which originally brought him under Doctor Coley’s care, were due to 
hyperparathyroidism associated with the tumor The subsequent course, how- 
ever, proved that the lesion in the spine was really a metastasis, and when last 
seen the patient was growing rapidly worse In retrospect, the case represents 
one of malignant tumor of the parathyroid (adenocarcinoma of parathyroid 
origin) with metastasis to the lumbar spine 

■^ R John H Garlock (New York), m conclusion, said that Doctor 
Jaffe s remarks about calcium balance studies were very well taken Never- 
theless, he could not alter his belief m Doctor Bernheim’s figures Doctor 
Bernheim has done many calcium balance studies over a long period of time 
m her own laboratory m New York Hospital, and also has a technician who 
has been working under her for many years, and knows how to carry out the 
studies In the case presented these studies definitely showed a marked nega- 
tive calcium which Doctor Garlock considered to be a very important finding 
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Tin paiutlniouls were fit si iccogni/ed as independent organs by Sand- 
stioem in iSSo, 1 luit Gkw 2 (1892) was the lust to show that their removal 
was associated with the production of tetain Iwo outstanding facts ha\c 
long been known legaiding the ph\siolog\ of the paiatln raids as glands of 
internal secielion (1) Their influence on calcium metabolism and (2) the 
specific relation ot lnpopaiatln roidism to altcied irritability of the nervous 
ststem, these two relationships being closely associated 

Excision of the paiathyroul glands of dogs produces, after a latent period 
of variable length, an acute tetany which is characterized by a In pocalcenua 
The symptoms may be diiecllv contt oiled to a greater or less degree In 
means of (a) injections of extracts of the purathjroid glands (Beebe,* 1 and 
Bcikelcw and Beebe'*) , (b) In dietan contiol in conjunction with the ad- 
ministration of calcium'* 7 , (c) symptomatically In means of naicotics and 
hypnotics 8 The efTectnencss of such theiapy suggested that the function of 
these glands w*as the regulation of calcium metabolism, 1 c , that they control 
the absorption and iclention of calcium as shown In MacCallum and Voegtlen 9 
However, othei metabolic changes, which might favor the development ot 
convulsions following parathyi oidcctomy, likewise occur These changes, in- 
cluding depicssed hvci function (Cat Ison and Jacobson 10 n ), the appearance 
of guanidine, histamine and sunilai toxic bases 111 the urine (Koch 12 ll ), 
diminished caibohydiate tolerance (Undeilnll and Saiki 1 '), are probably of 
secondary concern 

The basic nnpoitance of the physiolog) of the paiathyioid glands is due 
to then mtei lelationslups with other glandular structures, the fundamental 
relation of calcium metabolism to cellular permeability and function, and fiom 
a clinical standpoint to then 1 elation to idiopathic and postoperative tetain 
The lattei condition develops to a gieatei 01 lessci degree following eitliei 
(a) the accidental lemoval of one 01 moie of these structures during the 
course of a thyioid opeiation, 01 (b) then destruction tlnough interference 
with then blood supply, postopeiative infection, 01 scar tissue compiession 
Undei such conditions, postopeiative tetany is chai actei ized by a hypocalcemia 
of gieatei 01 lessei degiee The seventy of the symptoms paiallels as a rule 
the degiee of hypocalcemia, but rathei wide individual vaiiations aie to he 
noted in diffeient patients Howevei, lcstoiation of 1101 mal values for a 
particulai patient lesults in a complete disappearance of sympto ms of tetan y 

* Read before the New York Surgical Society, New York, N Y , April 28, 1937 
Submitted for publication June 19, 1937 
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dui mg the penod m which a noimal calcium balance is maintained or ceitain 
minimum blood calcium values are exceeded 

The noimal blood calcium and phosphoius values vary fiom 9 to u 
mg and from 3 2 to 4 5 mg pei 100 cc of blood seium, respectively As a 
rule, symptoms of tetany become manifest when the seium calcium values 
fall to, or below, 7 mg , while the sei urn phosphorus values on the other hand 
usually rise It is quite impossible, however, to establish an arbitrary tetany 
level for calcium values Symptoms m some patients may not develop until 
a value of 6 8 mg has been reached, while m others, similar symptoms may be 
pronounced with seium calcium values of 8 1 to 83 mg 

The therapeutic coirection of clinical hypopai athyroid tetany may be 
largely accomplished m one or more of several ways, 1 e , the administration 
of milk and calcium by mouth m conjunction with calcium salts by vein , the 
administration of paiathormone by injection, together with calcium salts, the 
oral administration of vitamin D , 01 surgically by the implantation of para- 
thyroid gland tissue 

The treatment of tetany with calcium alone, mespective of the route of 
administration, is usually unsatisfactory due to the transient character of such 
therapy and incomplete relief obtained This is due to the fact that the cal- 
cium salts, when administered orally, are iriegulaily absorbed from the gastro- 
intestinal tract, and owing to poor retention (rapid urinary and fecal excre- 
tion), medication must be repeated at short intervals 

The administration of parathormone or vitamin D presupposes that a 
calcium-rich diet 01 calcium salts per sc aie used in conjunction with these 
agents so that an improved absorption and retention of calcium is possible 
Neither of these agents alone, however, is entnely suitable for the treatment of 
an acute attack of tetany, in that leactions are demonstrable only after a 
latent period and the peak-effects occur only after nine to 12 and 36 to 48 
hours, respectively Consequently, control of clinical tetany with these agents 
requires careful consideration of the latent penod of each agent m relation to 
symptomatology, as well as the total period of its effects Another factor of 
clinical and, particularly, economic importance is that the patient gradually 
develops a tolerance to the effects of parathormone so that eventually a unit 
blood calcium change requires progressively larger dosages 15 16 

The surgical treatment of hypoparathyroidism is of temporary value only 
m that the degree of relief is unpredictable and the efficacy of such therapy 
under optimal conditions progressively diminishes after a variable period of 
time due to atrophic changes m the implanted tissue 

In any event, although the diagnosis of frank postoperative tetany is 
readily made, the establishment of the degree of an acute attack or the presence 
of latent tetany can be detected only by determinations of the serum calcium 
values We consider the routine determination of blood calcium values both 
pre- and postoperatively m each patient subjected to thyroid surgery as of 
primary importance, for both diagnostic pui poses and therapeutic control 
In the treatment of tetany, immediate alleviation of symptoms is the first 
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considei ation at all times, but piohmqcd effective conti ol of the tetany that 
maintains normal level of serum calcium, with as little discomfoit to the 
patient as possible, is the goal sought foi We wish to upoil that we have 
used a new theiapeutic agent which will definite!} control tetam Hus sub- 
stance is a sterol — dih}drotaclnstciol — peifected abroad by Holt/ and his 
associates and known as Anti Tetam io (“A T to”) * 

Holt / 17 and Ins cowoikcis, von Brand , 18 Schrciber , 10 and Isemei and 
Stichnoth , 20 undei the dncction of Piofessoi Windaus and lus collahoratoi s 
Hess / 1 Luttringhaus,-" and Holtz / 1 were among the fiist to obsene that 
very laige doses ot “Yigantol ,”-’ 1 a German prcpaiation ot iiiachatcd 
cigostciol, led to ,i senes of toxic symptoms, designated In some authors as 
hypci vitammosis 1 ) 1 h pci vitammosis D has as one of its chaiaeteristie 
leatures a lnpeiealeemia The main s\mptoms of this condition include 
headache, nausea, vomiting, hematmia and a model ate clc\ation of blood 
])i essure \n ahnormalh high calcium level in the serum, o\ei a lelativeh 
long period of time, results in the deposition of calcium salts in the heart, 
blood vessels kidnc)s and olliei oigans of the hod} 

Holt/ seat chcd foi a toxic factor as a possible cause of the hvpeivita- 
minosis and found that by pi obliging the lriadiation of etgosterol under cer- 
tain conditions he could dcstrov, m laige part, the antnachitic tactoi, vitamin 
D, hut that the “calcmosc” faetoi w<is still present Extensive investigations 
of the action of the ‘ calcmosc ’ faetoi b} Holt/ and lus associates -’ 0 2S were 
undei taken on both normal and paratln roidcetomi/ed animals The results 
indicated that this “calcmosc” faetoi caused a maikcd increase m the amount 
of calcium in the seium of normal animals with a deposition of calcium m 
the organs of the body, in the paialhyioidectomi/ed animals appropriate 
amounts of this “calcmosc” faetoi elevated the seium calcium to normal and 
pi evented the symptoms of parathyroid insufficienc} Similar results weie 
obtained in 0111 scries of patients following the development of postopeiative 
hypopai athyroidism 

Holt /, 20 10 11 and then Holt/, Gursching and Kiaut / 2 described this 
pieparation which they called “A T io” and wduch is now designated chemi- 
cally as dihydiotachysterol This compound, although denved fiom irradiated 
ergosterol, differs fi om the parent substance in that it is almost devoid of any 
antiraclnticf action, while the calcium mobilizing factor peisists and exceeds 
that of viosteiol 

Ciude n radiated ergosteiol, accoiding to oui piesent knowdedge (Fieser 
and Fnedmann' 14 ), contains at least foui sterols, ic, tachysterol, lunusterol, 
dihydioeigosterol, oi vitamin D_> (calcifeiol), suprasteiol, and pyiocalciferol 


* This material has been supplied to us through the courtesy of the Winthrop 
Chemical Company for experimental purposes ( 

f Personal communication from Dr O W Barlow “The antirachitic action of^A 
io’ is approximately 1/600 of that of an equal amount of crystalline Vitamin D- 
take this opportunity to thank Doctor Barlow for lus main helpful suggestions and criti 
cisms m the preparation of this manuscript 
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Attention is directed to the fact that calciferol contains only one sterol 
Muller 35 states that tachysterol and vitamin D 2 (calciferol) yield identical 
dihydro derivatives, and consequently possess the same carbon skeleton 
However, the rather striking difference in the physiologic effect of these two 
compounds strongly indicates that some difference exists between the points 
of hydrogenation of the dihydrovitamm (D 2 ) and dihydrotachy sterol 

The following formulae show the structural relationship between the 
various sterol fractions mentioned m the development of dihydrotachysterol 

FORMULAE SHOWING THE STRUCTURAL RELATIONSHIPS BETWEEN THE VARIOUS 
STEROL FRACTIONS IN THE DEVELOPMENT OF DIHYDROTACHYSTEROL ("AT 10") 
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The excellent clinical results that have been reported m the htera- 
tuie, , as, 3*), 4o following the use of “A T io ,! m various conditions in 
which distui bances of calcium metabolism weie piesent, stimulated us to 
make clinical tests with this new calcinose factoi Oui experiences to date 
have been of such nature as to meat reporting. These include the oral 
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adnunistiation of the piotlucl in the foim of a 05 per cent sesame oil solu- 
tion of dihydiotachvstciol to a senes of five patients o\ei the past two and 
one-half \eais The subjects include thiec chronic and two acute post- 
opeiativc tetanies following surgen ol the thvioid glands pci formed by 
tarious stiigeons 'i he comses of two of these five subjects, one acute and 
one chionic case ot tetain , aie heicwith lepoited 

Case 1 (Chart i) — Fcmilc, new 24, with a diagnosis of In perthv roidisni Basal 
metabolism +31 

April 21, 1036 \ subtotal tin roidectonn was performed Patholoqtc Examina- 

tion — Dr I'rcd D Bullock * Parenclnmatotis and colloid goiter It is interesting to 
note that imbedded in one of the lobes there is a fairl> normal paratlnroid” 

April 22 TJnroid crisis, temperature 108 0 P , svmptoms of tefatn of a verj severe 

form 

Mav 4 Calcium was 59 mg Patient was given 50 units of paratlnroid hormone 
and calcium gluconate, one ounce three times dailv, with viosterol ten drops tid 
I'roni the third to fifth week, she received so units of paratlnroid hormone dailv, and 
the calcium \ancd from 50 to 87 mg 
Mav 11 Calcium was 59 mg 
M n 18 Calcium was (><) mg 
Mav 21 Basal metabolism — 10 

Patient received paratlnroid hormone until she was discharged Mav 23 1936 

C II \KT 1 



It will be noted that in spite of tieatment with parathyroid hoimone and 
calcium salts, at no time was the calcium maintained anywhere near norma 
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level After the patient had been dischaiged from the hospital, she would 

have to come in occasionally at night, with severe symptoms of tetany, in 

order to receive injections of parathyioid hormone A positive Chvostek 
sign was piesent continuous!} Patient had complained of tingling, sleeping 
of the hands and legs, and was moie or less uncomfortable 

In the fall of 1936 we leceived a supply of “A T io,” and the patient 

returned to the hospital to be tieated tor hei tetany (Chait i) 

November 10, 1936 On admission her calcium was 67 mg, phosphorus 50 mg 
Patient was given 6 cc of “A T 10” by mouth with 45 gm of calcium gluconate divided 
into three doses 

November 11 3 cc “A T 10” and calcium gluconate 

November 13 3 cc “A T 10 ” 

November 14 3 cc “A T 10” Calcium rose to 104 mg and the phosphorus was 

48 mg At the end of 48 hours, after the “A T 10” was given, all symptoms of tetany 

had been alleviated with the exception of a mild Chvostek sign For the next three days, 
no medication was given and the calcium fell to 92 mg with a rise in the phosphorus 
to 5 2 mg 

November 20-25 No “A T 10” was gnen, but 45 Gm of calcium gluconate per 
day 

November 25 Calcium fell to 8 3 mg , phosphorus being 4 7 mg Patient was 
discharged with marked improvement in her tetany and was to receive ambulatory 
treatment 

December 4 Patient was given 1 cc of “A T 10” every other day plus 45 Gm 
of calcium gluconate daily Calcium rose to 9 mg and the phosphorus was 4 2 mg 
January 24, 1937 Patient received 1 cc “A T 10” once a week and no calcium 
gluconate 

December 19 Patient experienced a severe shock due to the fact that her baby had 
been scalded to death It is remarkable to note that in spite of this she developed no 
symptoms of tetany 

December 23 Calcium was 7 3 mg , phosphorus 5 mg The dosage of “A T 10” 
was increased 1 cc every other day plus the calcium gluconate 
December 30 Calcium was 7 3 mg 

For four days, up to January 5, 1938, she received 2 cc per day plus the calcium 
gluconate, and January 6, the calcium rose to 8 7 mg , phosphorus 5 mg 
January 7, 8, 9 She received 1 cc daily plus the calcium gluconate 
January 10 Calcium tvas 9 mg , phosphorus 5 mg 

February 9 During preceding three weeks, the patient received 1 cc “A T 10” 
twice a week plus calcium gluconate daily 

February 10 Calcium was 82 mg, phosphorus 47 mg From this period on, the 
amount of calcium gluconate was reduced to 1 Gm three times a day 
February 17 Calcium 82 mg , phosphorus 4 7 mg — no change 

February 18-23 Patient received 2 cc of “A T 10” daily plus 1 Gm calcium 
gluconate 1 1 d 

1 -ebruary 25 Calcium was 86 mg , phosphorus 4 5 mg 
March 1 Patient received x cc “A T 10” daily 

The fall in calcium without any symptoms of tetany and a very gieatly 
diminished Chvostek sign were lathei disturbing elements Examination 
disclosed that the patient w'as notv two months pregnant She had not been 
ill with other pregnancies, but at piesent was veiy ill each day with 
nausea and vomiting 
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“A I io" was now increased to i cc daih for one week, and on 
March 2 Calcium was 92 mg , phosphorus 4 6 nip 
March 3, 4, 6 No "A 1 10’ hut cilrmni gluconate 

March 7 Calcium 81 nip phosphorus is niR , patient recencd 1 cc T 10 
ever) da> for a week She was admitted to the hospital in March, 1937, and was gnen 
1 cc “A 1 10” cvtrv da\ with enlcitim pluconatc for a week 

March 13, 14, is, 16 Patient recencd 1 ce of “A I 10” phis calcium gluconate 
March 16 Calcium rose to 10 nip, phosphorus 56 mp 

March 16 On advice of guiecolopists, a lnstereetonn was performed No signs 
or sjmptoms of tetain occurred postoperatneh 

March 17, 18, 19 Patient hid received, two to three da\s after operation, 10 cc 
calcium pluconatc mtravcnouslv 

March 19 Patient reeened 1 ec per da\ of “A T io” plus calcium gluconate 
March 22 Calcium 8 9 nip , phosphorus 1 5 nip 

March 29 Patient discharged She had received 1 cc of “ \ T 10" daih, plus 
calcium gluconate 

March 29 Calcium 9 1 nip , phosphorus 5 3 mp 

Comwinl — It is intucsttng to note that “A T io’’ alone apparently does 
not wotk as well as when given in conjunction with calcium salts, that the 
dosage at first was lather large — 6 cc — and was dcci cased as soon as sj nip- 
toms of tetan) weie lessened However, we have also observed that the 
calcium uses slowly and when once the svmptoms of tetany aie alleviated, 
small closes are sufficient to maintain a normal serum calcium level, and that 
with any dccieasc in the blood calcium the dosage is somewhat increased or 
given ovci a longeu pcnod of time The object, of course is to get the 
patient symptom fiee and to maintain a normal calcium level with as little 
“A T 10” as possible This patient will probably have to take “A T 10 
for a long period of time, with gradual 1 eduction in the dosage until a normal 
calcium balance is established But this is of no particular inconvenience 
to the patient as the substance is tasteless and, of corn sc, given by mouth 
The patient has been symptom free evei since she has taken the “A 1 to 

Case 2 (Chart 2) — Female, ape 32, was first seen m Mav, 1936, and complained 
of nervousness, palpitation, and loss of weight One miscarriage srs jears ago was 
followed by loss of about 40 pounds 111 weight which was never regained General health 
good She was admitted to the hospital Mav 25, 1936 
May 26 Basal metabolism +65 
June 2 Basal metabolism +73 
June 8 Basal metabolism +49 

June 22 Patient operated upon Subtotal tin roidectomv Pathologic Ji\annii“ 
lion — Dr F D Bullock Colloid and parcnchv matous goiter 

June 25 Patient developed twitching of the legs and other signs of beginning 
tetany 

June 26 Blood calcium was 4 9 mg , phosphorus 5 7 mg 

June 27 She received 10 cc “A T 10” and 45 Gm calcium gluconate 

June 28 Same dosage 

June 29 Blood calcium was 5 mg , phosphorus 6 1 mg S> mptonis of tetan) are 
considerably diminished 

June 30 Calcium 54 mg, phosphorus 62 mg 

July 1, 2 Patient given 4 cc “A T 10” and 45 Gm calcium gluconate 
July 3 Calcium 58 mg, phosphorus 64 mg Verv little change 
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Jut) 3, 4, 5 Patient recened x cc “A T io” and 45 Gm calcium gluconate 
Julj 7 Calcium 65 mg, phosphorus 4 9 nig 

Julj 6, 7 “A T 10” discontinued, and onl) calcium gluconate given 
Jul) 8 One cubic centimeter “A T 10" and 45 Gm calcium gluconate 
July 9 No “A T 10” and only calcium gluconate gnen 
July 10 One cubic centimeter “A T 10 ” 

Jul) ix Calcium rose to 7 1 mg, phosphorus 3 9 mg 
Jul) 13 One cubic centimeter “A T 10 ” 

July 14 Calcium 71 mg , phosphorus 4 6 mg No symptoms of tetan) , with the 
exception of a slight cramp m the leg and a mild Chvostek sign Patient discharged 
Basal metabolism +14 Condition good Ambulator) treatment to be continued 

July 14 to August 5 Patient given 1 cc “A T 10” twice a week for one week onl) , 
plus 45 Gm of calcium gluconate 

August 5 Calcium 8 mg , phosphorus 4 5 mg Still a mild Ch\ ostek sign 
August 4, 1936, to January 13, 1937 Patient had been placed on calcium gluconate 
plus calcium phosphate with a little \iosterol, with the view to seeing whether serum 
calcium would remain above the tetany level without the use of “A T 10” However, 
serum calcium during this period, on September 3, was 9 mg and on No\ ember 18, 82 mg 
January 13 Calcium had fallen to 8 mg with phosphorus 4 mg , and it was decided 
to give the patient some “A T 10” to stimulate calcium mobilization Patient received 
“A T 10,” 1 cc daily, for ten da\s wuth calcium gluconate 

January 26 Calcium w r as 83 mg , phosphorus 3 4 mg Dosage w-as continued 
Ch\ ostek sign w f as \er\ mild Patient feels well, no complaints 
January 26 Calcium was 86 mg, phosphorus 37 mg 
Februan 23 One cubic centimeter “A T 10” was given twice a week 
February 25 Calcium was 96 mg , phosphorus 3 7 mg 

March 30 Calcium w-as 82 mg No complaints, excellent condition Chvostek sign 
has practicalh disappeared 
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Comment — This case of auitc tetany, in which wc were fortunate to start 
immediate treatment with “\ T io," is of particular interest because it 
bungs out the f.ict that while the blood calcium was slow in rising, her symp- 
toms of tetany were alleviated in a very short time after administration of 
the ‘ A 1 to " Within tS days, there was a marked rise m the blood calcium 
wduch was sustained wuth a compaiatncly small dose of “A T 10” During 
the period in which medication with the steiol was discontinued, there w f as a 
sustained normal calcium level Of couise, the question here arises as to the 
cumulative action of this pteparation Whethci this action actually exists 
or not is, in our minds, open to question because as soon as “A T io” is 
discontinued, there may be a fall in the blood calcium But it can be very 
easily maintained by small dosages o\ei a period of weeks We are studying 
this question further '1 his patient has been symptom free, that is of actual 
tetany, e\ci since she has been taking “ \ 'I to," and on the last examination 
was m excellent condition '1 his case demonstrates again the absolute neces- 
sity of detei mining the blood calcium and phosphotus aftei each period of 
treatment It is only m this mannei that marked deviations from normal can 
be observed and the figures will act as a guide for the amount of “A T io’ 
to be given 


coxe i lsioxs 

This new theiapeutic agent, diliy diotachy sterol ( ‘A T io ), has great 
value in the control of postoperatne tetany, and the symptoms can be alle- 
viated within 48 to 72 houis after instituting treatment These patients are 
usually' nritable, extremely neivous and physically played out, and certainly the 
removal of these symptoms, as soon as possible is of the utmost necessity 
Therapy with dihydi otachvstcrol must be stnctly individualized, ic, the 
blood calcium level must be carefully checked at mtenals before and after 
medication has been instituted Until the maintenance dosage has been 
determined, the amount of “A T 10,” given by mouth, may a ary from 1 to 
3 cc every' othci day to 1 to 2 cc pel week, depending on the severity of the 
deficiency We have on occasion administered dosages as high as 10 cc 
daily for a period of several day's, but during this period have kept a careful 
check on the patient’s seium calcium findings The product is not harmless 
and excessive dosage may w'ell induce sy'mptoms of hypei calcemia 

A plea is made for the routine determination of serum calcium both pre- 
and postoperatively' in all thyioid surgery' 

This new substance in our hands has been of definite value both from a 
subjective and objective standpoint in the conti ol of tetany' These observa- 
tions, taken in conjunction with those of Holtz and his cow'orkers, would 
suggest that dihydrotachystei ol merits further chemical study' and it ]S 
recommended for the treatment of postoperative hypoparathyroid tetany 
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Discussion — Dr DeWitt Stettln (New York) felt that tlieie w r as 
little left for him to say except to confirm m every detail what Doctors PicK- 
hardt and Bernhaid had repotted so w'ell He w’as fortunate enough to 
have had the oppoi Utility of obseivmg, at hist hand, some of their w r oik, as 
tw r o of the patients on whom they have ieportcd weie from his seivice One 
of them had been show n and there w r as no need foi him to make any furthei 
comment about hei 

One of the patients to whom they had leferred w r as a woman, age 00, 
upon whom Doctoi Stetten had peifoimed a left lobectomy for a laige colloic 
goiter, Octobet 24, 1929, and upon whom he again operated, Octobei i/, 1933 ’ 
for a similar condition in the right lobe, when a resection of part of the rig 1 
lobe was undertaken About tluee weeks aftei this second opeiation sic 
developed definite, rather seveie symptoms of tetany, the serum calcium 
dropping as low as 4 mg pei 100 cc Only with very large doses of calcium 
in the form of calcium gluconate, mainly intravenous, and intramuscular m 
jections of pai athormone, was she kept model ately comfoi table — relieved 11 
never w r ell Her calcium could never be raised much above 6 5 > anc k 1 

phosphorus rose as high as 6 mg At times it was necessary to give i e ^ 
almost as an emergency, an intravenous injection of calcium gluconate, a 
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CONGENITAL DIAPHRAGM YTIC HERNIA 31 
Knw mu) .1 Dono\ \x, M I) 

\ I tt \ OIIK \ ^ 

Diai'IIKAumaiic hei nia is a protiusion of the abdominal organs into the 
chest through a defect in the diaphragm In the congenital type, with which 
this papei deals, the defect is usually caused In a failure of fusion in the 
various parts of the cmbiyonic diaphiagtn. and the herniated organs may lie 
lice in the chest with or without a pciitoncal sac Infrequently, hermae occur 
after fusion has taken place when the mciease in the abdominal pressure causes 
a protrusion thiough some weak aiea In the lattei type, a peritoneal sac is 
more likeh to he picsent than m the foimei 

It is still difficult to estimate the incidence ol congenital diaphragmatic 
hernia because of the \anaiue of published repoits In 1610 \mbroise Pare 
repoitcd two traumatic eases In 1769. Morgagni wiote the first monograph 
on the subject In 1920. MacMillan 1 ** tound onfr three cases among I 5 > 000 
roentgenologic examinations, and in 19.24 Pancoast and Boles-’- reported 16 
eases among 9,000 gastro-mtestmal examinations In 1 93 1 , Hedblom 1 - col- 
lected 1,435 eases from the literature In 1933, Dickson' reported 206 cases 
during the piccedmg 14 years trom the 1 ocntgcnologie department of the 
Toionto General Hospital Hairmgton, 11 in 1933 stated that they had had 
five times as many cases at the Mayo Clinic during- the pieccdmg eight years 
as they had had during the previous 24 yeats The purpose of this paper is 
to record ten cases of the congenital type from the Babies Hospital, New 
York, seen duiing the past seven yeats 

The most common sites of the defects in the diaphragm through which 
the abdominal organs pass are The foramen of Bochdalek , the foramen of 
Moigagm, the dome of the diaphragm, and the esophageal hiatus It is in- 
teresting to note that a hernia thiough the aortic 01 vena caval openings m 
the diaphragm has nevei been icported 

Emb) yology — The diapluagm is so complex in development that it is not 
difficult to understand how a defect may’ anse wdiete the different segments 
meet The embryonic diapluagm consists of two parts a ventral part which 
is the cephalic poition of the septum transveisum, developing 111 the cervical 
region, and a dorsal pait which is the pleui operitoneal membrane, developing 
from the lateral body’ wolls and destined to become the closing membrane 
between the pleural and the pei itoneal cavities The muscular portion of the 
diaphragm develops while it is in the ceivical region from the thud and fourth 
cervical myotonies on each side During development, the diaphragm nugiates 
from the region of the third cei vical vei tebra to its final locati on opposite jhe 

♦Read before the New York Surgical Societ), April 28, 1937 Submitted for P u ^ 
bcation, June 19, 1937 


374 



a oiumc ios CONGENITAL DIAPHRAGMATIC HERNIA 

Number 3 

twelfth thoracic vertebra, and, during this migration, its plane of direction 
changes many times It is thought that the original communication between 
the pleural and peritoneal cavities closes about the third month of intra- 
uterine life If this communication remains open, there is formed the pleuro- 
peritoneal hiatus known as the foramen of Bochdalek Since the liver lies 
over the right foramen, herniae at that point occur less often than on the 
left side Failure of fusion of the costal and sternal fibeis at either side of 
the sternum results m the formation of the foramina of Morgagni It is more 
difficult to explain the defects m the dome of the diaphragm from an em- 
bryologic standpoint, othei than to say that they aie due to a failure of fusion 
of the elements at that point The defects m the dome aie moie common on 
the left side Hernia thiough the esophageal hiatus has been attributed eithei 
to the failure of development of the diaphragm at that point, or to the failuie 
of migration of the stomach because of a short esophagus These herniae 
usually have a peritoneal sac 


Opening for Vena 
Esophageal O 


Aortic O 


Eoiamen 


Ca\a 


Foramen of Morgigm 

V 

\ 

\ 



Diagram showing the location of the more common defects in the diaphragm (Repro 
duced from Hermann, W G Radiolog}, 22 , 241-24 6 , Februarj, 1934) 


Symptomatology — The symptoms of chapln agmatic herniae, which are 
the 1 esult of mechanical intei fei ence with the functions of the herniated viscera 
and of mtei fei ence with the lespnatory and cn dilatory organs upon which 
they encroach, may be respiratoiy, gastio-mtestmal or a combination of both 
H the hei mated visceia pi ess upon the heait 01 mediastinum, they may produce 
cyanosis, dyspnea and palpitation If they consist of large 01 small intestine, 
nausea, vomiting or an intestinal obstiuction may i esult fiom the crowding 
or kmkmg of the intestine The symptoms vary to such a maiked degree 
t lat the possibility of diaphragmatic hernia should always be kept m mind in 
cases exhibiting peiplexmg upper abdominal, respiratoiy 01 cardiac symptoms, 
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the etiology of which is difficult to ascertain Mail) cases aie symptom-free, 
and the hernia is discovered during the couise of routine roentgenologic 
examination One patient, whose condition was discovcied after taking a 
roentgenogram of hei chest, had been so well that it was difficult to convince 
her patents that a senotis condition existed Shortness of breath during the 
hot days of July was the only complaint of another One patient suffered 
fiom loss of weight and vomiting since birth, while another had had a cough, 
diat rhea and tarry stools for se\eial weeks 

Diagnosis — 7 he diagnosis of diaphragmatic hernia is gieatl) facilitated 
In i oentgcnologic examination \ roentgenogram of the chest will often show 
gas hubbies m the place of normal lung and frequent l\ a displacement of the 
heart Pieviotis to 1900, when opaque media were first used to roentgenograph 
the gastio-mtestinal tiact, most of the chaphiagmatic hcrniac were discovered 
at autopst Roentgenologic examination probabl) has been the gieatest factor 
in the improvement in diagnosis and treatment of these cases Not onlv does 
it identify the hei united structures, but it often demonstrates the location of 
the defect in the chaphiagm 

'J line joi Opuativc Inlcinnhon — Operative repau is piactically the only 
lelief for this condition If the herniated contents contain any portion of the 
small or large intestine, operation should be adused immediate!), especiall) 
in young children who evidence symptoms of impending obstruction, which is 
the most urgent indication We weie unfortunate enough to ha\e a five 
weeks old bain (Case 4) develop a high intestinal obstruction while wc were 
attempting to itnpnne its genet al condition picpaiatoi) to operation \nother 
leason for not defeiring operation is that, if the abdominal contents arc al- 
lowed to icniam in the chest foi a long period, the development of the abdomen 
will be so letaidcd that it may not be large enough to accommodate the 
structuies hi ought down into it fiom the chest We had this experience with 
one of our patients (Case 5) 

Opciafivc Appioach — Opinions chffei relative to the suigical approach in 
these cases Howevei, I piefer the abdominal approach, and have employed 
a subcostal incision in each case In one instance of recurrence, it was neces- 
saiy to make a thoracic incision in addition to the subcostal Tbe subcostal 
incision gives an excellent approach to the chaphiagm, and it has alwavs seemed 
easier to me to 1 educe the stiuctuies by traction fiom below r than by forcing 
them down fiom above The abdominal approach also lessens the occuiience 
of thoracic complications, and it gives one an oppoitunity to reanange the 
abdominal contents to as near then normal position as possible There aie 
many advocates of the thoracic approach, notabl) Tiuesdale, 20 who lecom- 
mends it in all cases Hairington piefeis the abdominal approach, and Hed- 
blom believed that both the thoracic and the abdominal appioaches had their 
special advantages and limitations, depending upon the anatomic and clinic 
type of hernia 
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My experience with this small group of cases leads me to behe\e that 
it is desirable to expose the phrenic nerve in the neck before making the 
abdominal incision so that the nerve may be crushed if paralysis of the 
diaphragm seems advantageous after the hernia has been exposed If the 
thoracic approach is employed this procedure is unnecessary, because the nerve 
may be crushed m the thorax Positive pressure anesthesia is decidedly ad- 
vantageous, and it was employed in most of my cases 

I believe these patients should be kept m an oxygen tent for several days 
after operation Not only does the oxygen decrease the respiratory effoit, 
thereby saving the child’s energy, but the tent decreases the chances of 
respiratory infection because the temperature can be so easily regulated 
Pleural effusion may follow operation, and if it occuis, the chest should be 
aspirated as often as the quantity of fluid demands 

The difficulties of the operation depend upon the location of the defect and 
the presence of adhesions, while the mortality depends to a large extent upon 
the age of the patient Hedblom found that in 210 cases under one year of 
age, 75 per cent died before they were one month old All but one of the 
operated cases here reported were under six months of age 

Case Reports 

Case 1 — P N , male, age 4J/2 months, was admitted to the Babies Hospital, October 
11, 1930, with the history of having had difficulty in breathing during the hot weather 
He had had a convulsion 24 hours before admission Otherwise, he was perfectly well 
Roentgenologic examination showed small intestine in his left chest 

Opaation — The abdomen was opened through a left subcostal incision which re- 
vealed a hernia through the left foramen of Bochdalek His chest contained all of the 
small intestine beyond the duodenojejunal juncture, all of the colon to a point beyond 
the splenic flexure, and the spleen The splenic flexure of the colon was adherent to 
the parietal pleura, and it had to be mobilized before it could be brought down All 
structures were, however, reduced, and the diaphragmatic opening was closed with 
mattress sutures of black silk, the edges of the hiatus being overlapped The patient was 
kept m an oxygen tent and had a continuous intravenous drip of saline for several days 
postoperative His convalescence was uneventful 

I ollow-Up — Six and one-half years postoperative, the child was normal m every way 
Case 2 S D , female, age 6 months, was admitted to the Babies Hospital, November 
M. I 93 B with a history of vomiting during the preceding five days Full term birth by 
cesarean section She had gained steadilv, and had had no illness previous to the present 
one She was a well developed, well nourished, white female child A gastro-intestmal 
series showed small and large intestine in the right chest 

OpctaUon November 20, 1931 The abdomen was opened through a right subcostal 
incision On retracting the liver from the diaphragm, a patent foramen of Bochdalek 
w-as revealed behind it The chest contained the third and fourth parts of the duodenum, 
all the small intestine, and all of the large intestine as far as the midtransverse colon 
The structures were reduced, and the opening closed with mattress sutures of black silk 
Convalescence was uneventful 

Follow-Up Roentgenologic examination six vears postoperative shows the lung 
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The child has been verj 


1 olumc 108 
Xurnbcr 3 

expanded, and all abdominal structures below the diaphragm 

"^Case 3— A E, male, age 5 months, was admitted to the Babies Hospital, March 
13 1934 . with a history of dyspnea and cyanosis since birth Roentgenologic examina- 
tion showed small and large intestine herniated into the chest through a defect in the 

right diaphragm , , , , 

Operation -—The abdomen was opened through a right subcostal incision, and disclosed 

a defect in the posterior half of the 
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right diaphragm, which corresponded 
to about one-half the size of the entire 
right leaf Closure seemed impossible 
The structures m the chest consisted of 
All of the small intestine beyond the 
duodenojejunal junction, the cecum, 
the appendix and right half of the 
transverse colon , and the right kidney 
All viscera were, however, reduced, 
and the defect closed with considerable 
difficulty Convalescence was unevent- 
ful 

The patient remained free from 
symptoms for about one and one-half 
years, when a routine roentgenogram 
of his chest, October 29, 1935, showed 
a recurrence 

Second Opci ation — Age 2 l / 2 years 
Twenty-four hours before repair, under 
avertin anesthesia, the right phrenic 
nerve was exposed 111 the neck, a loop 
of plain gut placed about it for trac- 
tion, so that it could be readily iden- 
tified and crushed if necessary Under 
ether anesthesia, 24 hours later, the 
scar of the right subcostal incision 
of the previous operation was excised, 
and the abdomen opened Practically 
all of the structures that were in the 
chest at the time of the first operation 
had reherniated into it There were 
main adhesions present, and reduction 
of contents necessitated considerable 
dissection In order to close the defect, 
a right intercostal incision was made 
through the eighth space, which greatly 
facilitated the closure of the diaphrag- 
matic defect The phrenic nerve was 
then crushed from within the chest 
Closure was accomplished with mat- 
tress sutures of black silk The patient developed pneumonia and pleural effusion m the 
right chest postoperatn elj , 275 cc of sterile fluid were removed from the right chest 
upon two occasions 

rolloiv-Up It is now one tear since the second operation, and roentgenologic exami- 
nation, April 13, 1937, shows that the right lung is completely expanded, the heart is 
in normal positton, and all of the abdominal viscera are below the diaphragm 
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Fig 10 — Case 4 Hernia through the right fora 
men of Bochdalek 

Small intestine m the right chest Heart displaced 
to the left Right lung collapsed Marked distention 
of the stomach and duodenum bj gas is also to be seen 
extending: to the first segment of the jejunum, from 
which one maj infer the existence of an obstruction in 
this location, and which condition was substantiated at 
operation 
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Case 4 — AT B , male, age 5 weeks, was admitted to the Babies Hospital, January 6, 
1936, with a history ot \omitmg and cyanotic episodes for two days "Was developing 
well until two days ago when he collapsed, tinned blue and had rapid respirations ’’ 
Had a similar spell 24 hours before admission He had been delivered by cesarean 
section Roentgenologic examination showed the right chest filled with small intestine 
While under observation, the patient developed a high intestinal obstruction and was 
immediatclv operated upon 

After isolition of the phrenic nerve m the neck, a right subcostal incision was made 
\ large, posterolateral defeet was found in the diaphragm through which prncticalh all 
of the sm ill intestine had herniated into the ehest *\ definite obstruction, due to a 
kink was found m the tipper jejunum '1 he opening in the diaphragm was closed with 
mattress sutures of black silk I he pit tent was placed 111 an oxvgen tent immediatclv 
ifter opeiation hut he dud 12 hours later is the result of shock 



Fir 11 — Case s Hcrnn through the left fori Fig 12 — Case s Colon m Hie lef* 
men of Bochdilek, and a defect in left dome of the and \crj grcatlj dilated 

diaphragm 

Gas bubbles in the left chest I eft lung is col 
lapsed 


There was no choice but to opciate upon this case A palliative operation con c 
not be performed because of the high intestinal obstruction This is a serious comphca 
tion, and one which may happen m any case wdicrc there is either small intestine or colon 
in the chest This patient also had an umbilical hernia, bilateral erv ptorchidism, P enl c 
hypospadias, hypertelorism, and a pilonidal sinus 

Case s — F C , male, age 10 months, was first admitted to the Babies Hospita , » 
1924, with the history of vomiting and conv ulsions Roentgenologic examination shovve 
the whole left chest filled with small intestine He was discharged but was readniitte 
several times subsequently, with signs of an intestinal obstruction Each time he wa 
taken home against advice, when his obstructive symptoms had disappeared He was 
finally admitted, when eight years old, with obstructive symptoms, at which time 
parents consented to an operation 
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Opaaiwn — April 25, 1032 The abdomen was opened through a left subcostal in 
cision, which mealed a patent, left foramen of Bochdalek as well as a defect m the 
left dome The left chest contained all of the small intestine from the duodenojejunal 
juncture on, all of the colon to a point hejond the splenic fle\ure, and the spleen The 
structures were icmoved fiom the chest after a \er} tedious dissection Both openings 


in the diaphragm were closed with mattress 
he returned to the abdomen because the\ had 
not laigc enough to contain them The 
child’s condition was desperate in spite ot 
a transfusion and an infusion on the oper- 
ating table IBs condition was so pre- 
canous, that the defects in the diaphragm 
were reopened and the usecra replaced into 
the chest 'I he patient died three hours 
postoperative lie should have been oper- 
ated upon earlier m life, as his abdomen 
was not suflieieiitlv developed to eontain 
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sutures of silk The structures could not 
never been there before, and the cavitj was 




Fig 17 
hiatus 

No operation 


Case 


7 Hernia through the esophageal 
Stomach in the chest 


-I; 

Fir 18— Case 8 Hernia through the e '°I ,has J’ 
No operation A large part of 


the viscera removed from his chest, m addition he should have had the phrenic nerve 
crushed before operation 


Case 6 — L Y , female, age 6 months, was admitted to the Babies Hospital, J lI,,e 
22, 1931, with a history of loss of weight and vomiting for three months She w r as a 
pale, undernourished child, whose roentgenologic examination showed her stomach an 
transverse colon herniated into her chest through the esophageal hiatus She continue 
to vomit while under observation for two weeks The vomitus contained blood on severs 
occasions 

Opciahon — July 8, 1931 The abdomen was opened through a right subcostal w 
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Roentgenologic examination showed the stomaeh in the ehest, having herniated through 
the esophageal hiatus The patient was taken from the hospital against advice, without 
operation Follow -tip report one month ago, stated that the child was doing verj well 
Case 9 — J II, m de, age 3 months, was ulmittcd to the Rallies Hospital, April j, 
1932, with a Instorv of eotigh and fever for the ptst two weeks The child was pale, 
poorlv developed, poorlv nourished, end tvpicil m everv w.ev of a Mongolian idiot 
Roentgenologic examination showed biletcral bronchopneumonia A later gastro 
intestinal series showed a large part of the colon to have herniated into the right chest 
through the foramen of Morgagni He developed dtarrhe i and mtcstmd hemorrhage, 
and died without operation 



I i( -i ( v-t iii Hcrin i tlirmicli tlie foramen ot 
Morv.ai.ni 

Put of tin c ilon hi (lit cmM to the nelit of the 
Mtrimiii 


Case io — R D, age 11 months, was admitted to the Babies Hospital, I’ebruirv 3, 
1937. with a lustorj of shoitness of breath since the age of two months Hie patient 
had always been a feeding problem, and was a tvpical Mongolian idiot Roentgenologic 
examination showed a herniation of the colon through the right foramen of Morgagni 
There was a definite upper respiratorv infection present and the child w r as disenarg 
because of this, but is to return for operation 

Results — In this gtoup of cases, seven opeiations wet e perfotmed upon 
six of the ten patients One case is to be operated upon when he recoveis 
from a respiratoiy infection Two patients died from shock, one, a five weeks 
old infant who developed a high intestinal obstruction while being prepa re( 
foi operation, and the other, a boy, age 8, died aftei a long and tedious 
dissection of structures adheient m the chest and the closure of two diaphrag 
matic defects One case of esophageal hiatus hernia has a paitial recurrence 
due to a short esophagus, but he is doing well One patient operated upon 
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at the age of five months had a recuirence one and one-half yeais later The 
operation for recuirence seems successful, two years later One case with 
hernia through the left foiamen of Bochdalek is well seven years after opera- 
tion One case with hernia through the right foramen of Bochdalek is well 
six years after operation 

Five of these ten patients showed no congenital abnormalities othei than 
the diaphragmatic hernia Both patients with heimae through the foramen 
of Morgagni were Mongolian idiots One of these also had a congenital heart 
derangement One case of esophageal hiatus hernia had a cleft palate One 
patient (Case 4) also had an umbilical hernia, bilateial cryptorchidism, penile 
hypospadias, hypertelorism and a pilonidal sinus 

SUMMARY 

(1) The symptons of diaphragmatic hernia may be either respiratory 01 
gastro-intestmal 111 ongin, depending upon what viscera are contained m the 
hernia and what stiuctuies m the chest aie piessed upon by the heimal con- 
tents 

(2) Many cases of diaphi agmatic hernia aie symptom-free and are dis- 
covered m the course of a loutine roentgenologic examination 

(3) The diagnosis of diapln agmatic hernia is most surely aruved at by 
a 1 oentgenologic study 

(4) Treatment should be suigical lepan of the hernia m all cases where 
any poition of the intestinal tiact is involved, because of the danger of 
intestinal obstruction 

(5) The author piefers the abdominal approach, but theie are many 
surgeons who prefer the thoracic approach 

(6) Positive piessure anesthesia is very desirable 

(7) Patients should be placed 111 oxygen tents after operation 

(8) Pleuial effusion may occur after operation, and should be aspirated 
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DIRECT INGUINAL HERNIA” 

PRESENTATION" OF AN OPERATION FOR ITS CURE 

Ciivrles R Robins, AID 

Richmond, Va 

I HUM 710 STbUlT C1UCL1 HOSSSTM,, RICHMOND \\ 

JIaiaild 14 states that an operation for the cure of inguinal hernia was de- 
vised and published by Heliodoius who lived during the time of the Roman 
Empne This operation corresponded to some extent to operations per- 
formed dui mg oui time 

7 } w Bass nu Opctation — It was not, howevei, until Bassim 5 - 23 devised 
his opeiation, in 1884, that a pioceduie was piesented which was based upon 
exact anatomic studies The earliest description of this opeiation that I 
have been able to find was that published, in 1890, in the Arcluv fui khmsche 
chnurgie, Beilin In this he leferied to the woik of Wood, von Segond, von 
Lucas-Championnieie and Czerny, all of whom had devised opeiations foi 
the cine of hernia He states that Julhard had only a single radical cuie in 
22 opeiations It seems that following all of these operations the patient 
needed to weai a tuiss to prevent lecunence He himself first opeiated by 
the Czerny method, in which the sac was dissected out and cut away aftei 
tying its neck with catgut The neck was then thiust into the abdominal 
cavity and the wound closed with catgut sutures He undertook to improve 
lesults by devising fiist an operation which was similar to the one devised 
by Macewen about the same time, in which after ligating and excising the 
sac, the neck was sutuied undei the aponeuiosis of the external oblique, and 
the piocess of the neck beneath the ligation was gatheied up with sutures to 
foim a pad which was supposed to be a bulwaik against any further descent 
of henna Subsequent investigations showed him that this pad was quickl) 
absoibed, and his operation was no bettei than that of his predecessors He 
then devised the operation in 1884 which has since borne his name Aftei 
having descubed the opeiation he states the pi mciple of it as follows “In 
both cases, that is 111 external (acquired or congenital), or 111 internal (duect) 
herniae, the inguinal canal is 1 econsti acted aftei the manner of its physio- 
logic foi mation, that is, vwtli an abdominal and subcutaneous opening, of 
winch the fiist lies external to the second, and is provided with two walls, 
one postenoi and the othei antenoi Undei the influence of abdominal pies- 
sme, the new postenoi vail is piessed against the anterior and both suppoit 
each other in older to withstand the continuous and stiong impulse of the 
abdominal visceia, while the speimatic coid is permitted to pass through be- 
tween them 1 he new abdominal opening and the new posterior u T all of the 
inguinal canal are formed fiom muscular and aponeurotic tissues which func- 
tionate and theiefoie cannot disappeai by lesorption ” 

R ecta 1 cnccs — It is mteiestmg to note that in our country the failure to 
Road before the Southern Surgical Association, Birmingham, Ala December 0 
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scan e a iadic.il auc by operations in wiguc pinions to the Bassini type is 
set forth in a statement In Dr W 'I Hull, as quoted b} Halsted “Now 
1 1890] that ten jeais ha\e elapsed suite the niorlu n iadie.il operations ha\e 
been in vogue, we ought to hcai of. 01 haw presented tee us patients who 
have been moie than five ycais at the least, without relapse We eotild nat- 
uially expeet to see such cases occasionally, but thcic aie none such ” 

Othei Opci alive Pioccduics — Win S Halsted dewsed bis operation 111 
1 888, 10 and fust published bis results, as lai as im icseaiches go, m 1893 
Alexander H Feiguson, 10 m lus first papci published in 1895, reported an 
opeiation in which lie followed the technic of Mace wen 111 pheating the sac 
to the innci surface of the abdominal wall to block anotbei descent ot the 
hernia The cord w'as placed external to the aponeurosis of the external 
oblique His second opeiation. 11 and the one that beats lus name, was pub- 
lished m 1899 

Without contrasting the merits of these tlnce operations, Bassini, Hal- 
sted and Feiguson, then are all sufficient l\ alike to suggest a common origin 
1 lie} all piovidc for the complete lcmoval of the sac and the rcconsti uction 
and icinforccment of the abdominal wall 'I hen chief difference is m the 
method of dealing with the eoid It would appear that the suggestion for 
the methods of Halsted and Ferguson was from Bnssini’s opeiation lliere 
can be 110 question of the cable of these methods, and the large number of 
cases permanently cuied bj them is a sufficient testimoin 111 their behalf 
Howcvei, thcic weic 11101 e 01 less numerous lccuiiences icported h\ 
various sui goons, and the 1 casons foi this and the \auous methods sug- 
gested to overcome iccuiicnce, ha\e gnen rise to a eoluminous mass of sur- 
gical liteiatmc It seems to be gcneialh conceded now that where there is 
recuirencc aftci the neck had been ptoperh ligated and the sac lemoved, it 
occuis below r the abdominal opening of the canal 

Opci aliom Designed to Pi event Rccni 1 cnee — The following aie some of 
the pnncipal methods adopted to prevent lecurience 

In 1901, L L McAithui in icported lus operation foi sticngthening the 
suture line between the muscles and conjoined tendon and Poupart’s liga- 
ment by the use of strips of fascia derived fiom the pillars of the external 
ling and extended up to the belly of the external oblique muscle In I 9 °F 
lie 20 reported again on the same operation 

In 1906, E W Andrew's'’ lepoited on nnbiication of the aponeurosis of 
the external oblique 

In 1920, Hoguet 15 lepoited 011 folding back the medial flap of the apo 
neurosis and including that in the sutui es of the muscle to Poupart’s ligament, 
after which the edge of this flap was sutured to the lateial flap over the cord 
In 1924, Edmund Andrews 1 2 lepoited on exposing the thickened part 0 
the transversahs fascia and sutui mg that to Poupait’s ligament 

There have been many other pioceduies advocated, hut those mentione 
above express the general ideas 


390 



Volume 108 
>, umber 3 


DIRECT INGUINAL HERNIA 


Othci Explanations of Recuuence — Anothei explanation of lecurrences 
was that offeied by Seelig and Chouke, 25 in 1923 They made the contention 
that muscle sutured to fascia did not unite with it, but that what took place 
was simply an adhesion which becomes attenuated under pressure Still an- 
other explanation was that sutuie of muscle was harmful 

In 1923, Sir Arthur Keith 17 described the shutter action of the muscles 
surrounding the inguinal canal by which these muscles contract and close the 
canal to counteiact pressure from above 

In 1925, R Hamilton Russell 24 advocated pioper removal of the sac 
alone in the cure of simple indirect hernia This had been his practice m 
operating at a children’s hospital and he had extended the operation to in- 
clude younger adults before deformity and distortion had taken place He 
was of the opinion that suture of the muscle injured it and prevented its 
action and predisposed to recuuence 

In 1933, J D Rives 22 expressed the same opinion and gave three cardinal 
principles as follows (1) Muscle deprived of function atrophies, (2) mus- 
cle offers no considerable lesistance to forces directed peipendicular to its 
fibers, (3) fascia must be applied dnectly over the defect For this purpose 
he advocated the Andrews imbrication 

All of these have a basis of sound reasoning, and of all the modifications, 
Seelig's (1927) method 20 of applying the McArthur fascial sutuie appears 
to me to be the best However, no operation that depends for its peimanencj 
upon the suture of muscle or fascia to Poupait's ligament will be uniformly 
successful m the cure of all types of inguinal hernia 

The Chief Reason for Recuuence — This weakness consists of the ab- 
sence of a well-formed conjoined tendon and attenuation of the muscles that 
form it It is to this point that I wish paiticularly to diaw attention 

The difficulties encounteied in effecting a cuie of dnect hernia by the 
methods referied to, the reasons for recuuence, and the presentation of an 
operative procedure, which m my hands, thus far, has effected cures m too 
per cent of 27 operations , is the object of this paper That the methods 
commonly in use have a high peicentage of recurrence is shown by many 
published leports, of which the statistics given in Christopher’s Surgeiy, 7 
published 111 1936 (page 1376), aie a fair sample The section on hernia is 
'Mitten by Sewaid Erdman and he states “From a numbei of the largest and 
best suigical clinics follow-up reports based on actual examinations show 
fiom thiee to seven pei cent recurience aftei operations for indirect hernia, 
and from 15 to 30 per cent aftei operations for direct henna ” 

That there is a defect at the point where direct hernia occurs was early 
discovered by Bassim, but the methods that he advocated for overcoming this 
"ere ineffectual Halsted, and Bloodgood 0 endeavored to fill m this defect 
b) suturing the rectus muscle 01 a flap from its fascia to Poupart’s ligament, 
and W A Downes 8 advocated the same procedure However, m a later 
papei lie* states “The pioblem of inguinal hernia resohes itself into the 
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management <>t the (Intel vaiictv 1 have pcisonalh icachcd the conclusion 
that a ccitam numhei ol dncct hennat cannot he cured In operation” 

Joseph C Hloodgoocl stales * J he chief cause of lecunencc m tlie lower 
angle of the wound, st.u eel in a pieuotis tepoit of opciations <it Johns Hopkins 
Hospital, m i 8 c)<) was due to the tact th.it, whethet the hernia was director 
indued, the continued tendon was weak 01 obliterated and the ordinarj 
sutuic 01 elosuie ol the defect in the abdominal wall was not sufficienth 
stiong topioteet tioni leeiiticnee in the lower angle, and that the transplanta- 
tion of the i a lus nuisile and its fasua was not a eeitam cure ” 

Diagnosis ni Dim l Ihniia -In diagnosing direct hernia, the sciotuin is 
imaginated In the (xammmg tinge i which passes dirccth mcr the pulne 
hone into the pelvic <avitv Some time's two (nigeis can he introduced and 
swept fuel} mound tin mini walls of tin pile is and bevond the rectus mus- 
cle which is felt to the medial side ol a mangle, the base of which is foimed 
bv the pulne hone and the late ini sides |>\ I’oupait s ligament and the internal 
oblique and tiansui salts imisdis attached to 1 ‘oupait’s ligament If there is 
no sac picsent de sanding limn the abdominal mig it must be obvious that 
consti ueting a new canal ten the cold whatcvei the method cmploved, will 
have veiv little healing oil the Hostile* ol this defect 

Dcficunt Sli minus at tin Pubu End ol (anal — Dissection ot the tissues 
involved will show that the conjoined tendon is absent and that the internal 
oblique and tiansveisahs muscles pass mu diiectlv to the rectus sheath, 
leaving a defect which is often as much as one* and one -half inches fiom the 
lowei boidei of the muscle to the pulne hone and I’oupait s ligament hi 
addition the fiheis of the internal oblique muscle at the lower bordei arc 
attenuated and weak d he gicatcst defect is at the hinder of the rectus and 
fiom theic* it extends latetalwaid with a diminishing width often as far as 
the abdominal ling In this wav the flout of the canal is often weak tlnough- 


out its extent 


Attempts to close this detect In the otdinaiv methods of suture are not 
unifoimly successful Sutuies m vogue afTeet only adhesions if successful 
hut theie is a distinct gap, and eiloits to close this lequnc that the suture be 
applied nuclei tension d his is a violation of the caidinal pi maples of sur- 


gen ddie sutuies eithei cut out 01 absoib and the gap lecurs Neithei can 
the fascia of the external oblique he ovu lapped heie because the pillai s of 
the nng at this point aie fixed by their nisei tion into the pubes In ackb 
tion to that, the base of the ti jangle that is foimed In sutuiing the mteina 
flat museles to Poupait’s ligament is the pulne bone to which nothing is at 


tached, consequently the angle cannot lie completely obliteiated 

Noimal Shuctinc<; at Pubic End of Canal — Nonnally the opening 0 
the subcutaneous ling is pioteeted by the conjoined tendon, which is inser ec 
into the ciest of the pubes and along the pectineal line behind the attachment 
of Gnnbernat’s oi the lacunai ligament foi the distance of about i 2 5 cl11 
The pectineal line is coveied by a strong band of fascia called Cooper- 
ligament, which extends lateralwaid fiom the pubic tubeicule and merges 
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with the pectineal fascia It is to this that Gimbemat’s ligament and the 
conjoined tendon are attached 

The transvei salis fascia m Hesselbach s tnangle especially in cases of 
dn ect hernia, is thin and attenuated and can offer very little resistance unless 
supported by othei tissues The principal support is derived fiom the con- 
joined tendon 

Essentials of the Pioposed Opciation — Before proceeding to describe 
the operation, it would be well to dnect attention to two elements that aie 
essential paits of the operation about to be described namely , fascial sutuic 
and the fascial or ligamentous covering of the supenoi surface of the pubic 
bone 

The opening of the supeifiual inguinal ring is situated anteuoily, and 
immediately ovei the mseition of the conjoined tendon Absence or attenua- 
tion of the conjoined tendon consequently cieates a definite weakness at this 
point and is undoubtedly the cause of most instances of dnect hernia 

The Use oj the Fascial Satin e — The use of fascia m opeiations foi hernia 
was first lepoited by L L McAithur, 10 m 1901, who published a second 
article 20 on the subject, in 1904 His method was employed in conjunction 
with the Bassmi operation In it he made use of strips of fascia derived fi om 
the aponeuiosis of the external oblique He states that other methods ot 
suture aie dependent foi success upon the formation of cicatricial tissue be- 
tween the opposing surfaces, and that we must expect occasional failuie be- 
cause of this veiy yielding cicatncial tissue, but that he had been able to 
demonstrate that his autoplastic suture heals in situ, is not absorbed and 
does not slough He piesented nncioscopic specimens in verification of his 
statements 

Gallie and Le Mesunei, 12, 13 111 1921 and 1923, called attention to the ad- 
cantages of fascial sutuie They pioved beyond any doubt that fascia con- 
tinues to live in an unchanged foim after being used as suture mateiial It is, 
therefoie, to be regaided as a tiansplant and not meiely as a suture In then 
cases the fascia evas derived fiom the thigh, and they advised that it be 
woven ovei the defect Case 12, upon whom an autopsy was perfoimed, 57 
days postopeiative, lllustiates the peimanence of the fascial sutuie Micio- 
scopic examination demonsti ated that the histologic character of the fascial 
transplant had lemamed unchanged and that it w r as fiiinly anchored in the 
tissues tlnough which it passed (Figs 1, 2 and 3) 

It is somewhat difficult to understand why the definite advantage lesultmg 
from the employment of fascia m the cure of hernia has not been more genei- 
ally adopted At about the time that McArthur presented his opeiation and 
achocated the use of fascial strips, there began to appeal on the market vari- 
ous types of suture material, plain and chromic catgut, kangaroo tendon, silk, 
etc , that were put up and sterilized 111 glass contameis As they w r ere ready 
for immediate use, and were easily obtainable and comenient, they came into 
general use foi hernia as well as for othei types of surgery 

There is, however, an essential difference between fascia and all other 
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sutures Fascia is a living transplant which leniams peimanentl} vheie it is 
placed, while all other forms of suture are eventually absoibed or cut out, 
and the strength of the wound is dependent upon the union that takes plate 
while absorption is going on This difference appeals to have been or ei looked 
by the piofession 

The difficulties of seeming fascia from the thigh as advocated b} Gallie 
and Le Mesunei, and the complicated weaving necessitated, together with 
the additional time consumed, have been a bai to the employment of then 
method But the fact that recurrence of hei mae during the war w as so gi eat 
as to disqualify enlistment of men who either had hernia 01 had been opei- 
ated upon foi it called attention foicibly to the necessity of devising some 
piocedure that would make the cure of hernia more peimanent 



Tig 4 — Normal deep lajer of muscles (Rednun from r ' ' r ual ) 

The deep flat muscles have their origin from the internal half of and 

he anterior to the abdominal ring That portion forming the conjoined tendon is inserted 
behind the cord and the external inguinal ring, the location of which is indicated bv 
the dotted line 


Refei ring to the fascial covering of the pubic bone, the first suggestion as to 
its employment m operating for the radical cure of hernia, as fai as can be 
ascei tamed, was made by W Wayne Babcock, 4 m 1927 The fascia coveung 
the supeiioi suiface of the pubic bone is several millimeters thick, and is com- 
posed of extensions on to the bone of Poupart's, Gimbernat’s, Cooper’s and 
the supenor ligament of the symphysis It is tough, fiimh fixed to the bone 
and is, therefore, admirably adapted for suture It is of particulai value 
because the bone at this point foi ms the base of the triangle, already refei red 
to, that cannot be successfully obliterated m any other manner except by duect 
sutuie to the bone at this point The operation described by Babcock was an 
ingenious one and was perfoimed with a single suture of chromic catgut It 
was because of a lecurience following this operation m which chromic cat- 
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gut was employed, that I was led to investigate, more completely, the subject 
of the radical cuie of hernia 

It was to overcome the vanous weaknesses that appealed to ha\e been 
pjesent m other operations that the operation herewith descnbed was deused 
Free use has been made of the studies, investigations and woik of otheis, 
which is heieby acknowledged 

Opciativc Technic — (i) The incision is made down to the aponemosis 
of the external oblique and in the dnection of its fibeis fiom a point sufficiently 
high to expose the belly of this muscle and extending dowm ovei the pubes 
sufficiently low' to peinut adequate exposure of the stiuctuies about the exter- 
nal ring The flaps aie earned back on eithei side to give wide and clean 
exposure of the aponemosis 





Fig g — Illustntmg the method of tlueiding the f-iscnl sutuie on the needle 

(2) The external speimatic fascia is dissected fiom the boideis of the 
external ling and the pillars, and their oiigm exposed and isolated w r ell dowm 
ovei the pubic bone, caie being taken to fiee them of connective tissue The 
canal is then opened by incising the aponemosis from a point at the centei 
of the apex of the external ring to the belly of the muscle, care being taken 
to follow the fibeis of the aponemosis and not to cut acioss them This is 
accomplished with a pan of scissois which aie only partly opened and arc 
pushed along without a cutting motion The tw r o flaps of the aponeurosis 
aie then sepaiated fiom the underlying stiuctuies, both lateial- and mechal- 
ward, exposing Poupait’s ligament, particulaily around the pubic tubeicle to 
which it is attached, and then the internal oblique w'ell beyond the boidei of 
the sheath of the 1 ectus and dowm over the pubes 

(3) The coid should then be carefully examined foi any evidence of a 
sac of an lndnect hernia This is not mfiequently found and if present it 
should be isolated, the neck twisted, ligated, and removed The coid is then 
heed in its lower portion and the area of the direct hernia explored As a 
iule the protiusion of the sac has disappeaied unless it happens to be a -very 
laigc 011c I ha\e ne\ ei found that any good was accomplished by resecting 
these tissues m the piesence of ordinary relaxation If the sac is large it is, 
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of comse, i esccled It will usuall) be found that there is a wide spate between 
the low r ei boidei of the internal flat muscles and Poupart’s ligament and the 
pubic bone, and that the conjoined tendon is eithci absent or else \ cry at- 
tenuated 

(4) In seeming the fascial sutuies, eeitain points aie necessar) in oidei 
to avoid unfoi tunate accidents If the width of the strip is measured at the 
belly it will be found, when the pubic end is 1 cached, that the strip may have 
been entirely seecred by passing into the nng itself 01 lmc onh a few inade- 



quate fibeis lemainmg As the him attachment of the stnp to the pubis is 
of pi line necessity, the isolation of the stnp should commence at the pubic 
end Aftei the initial incision, scissois may w'cll be employed foi completing 
the stnp as alieady desenbed The medial stnp is made first 

The next pioblem is tlneadmg the stnp on the fascia cat lying needle 
If it is simply passed llnough the eye of the needle and then folded ovei and 
tied to the stnp behind the eye, it wall fiequently slip out The best method 
is to fiist tie the end securely to pi event its splitting, leaving the ends of the 
tie long enough to thiead tluough the eye of the needle easily, bnngmg the 
end of the stnp tluough fiom the postenoi stuface foi a sufficient distance, so 
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that the point of the needle can pierce the end of the stnp behind the ligatuie 
Tiie pierced end of the strip is then slipped back over the eye of the needle, 
which makes a friction knot that holds securely and uses up very little of the 
fascia 

The fixation of the end of the suture is impoitant Operators who have 
used fascial sutures have various ways of fixing the terminal knot I do not 
use the knot for two leasons One is that the knot uses up fascia unneces- 
sarily which at best is not too abundant The other is that the simple method 
of fixing the end to underlying fascia or to the suture itself by suture is bettei 
This is best effected with fine silk The stitch commences with a bite in the 
underlying fascia or suture and comes up through the edge of the suture and 
is carried back on the other edge in the same mannei, aftei which it is tied 
Two of these sutures are used 



Fig ii — Tissues to be sutured, showing first stitch being 
introduced This fascial suture is derived from the medial pillar 
and is carried through the rectus sheath and muscle and then 
passes over the cord, and takes a firm bite m the fascia covering 
the pubic bone 

(5) The cord is then held back medialward under the lectus by a small 
retractor and the suture is passed through the rectus sheath and the muscle 
and over the cord and then takes a good bite m the fascia that covers the 
pubic bone at the pecten ossis pubis 

This last point is to be selected so that the suture may not unduly com- 
press the cord and at the same time fit it very snugly This forms a new 
ring for the cord that is strong and unyielding, because the fascia passes 
over the cord m the direction of its fibers It is not like the normal external 
ring, m which the application of force separates the fibers The fascial 
stitch is then continued, passing through the rectus in the same manner and 
is sutured to the pubic bone As a rule only two stitches include the rectus 
and the pubic bone, the last being passed at a point near the tubercle After 
that the suture embraces the thick part of the internal fiat muscles together 
with the transversahs fascia and Poupart’s ligament In passing the fascial 
suture it must be borne m mind that it is not a suture for approximating 
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sill faces but is ti .implanted tissue, and that the object is to .sccme good 
anchoiagc . thciefoie, the thicket the tissue thiough which it passes, the 
hettei When Poupait’s ligament is leached the hrst stitch should embrace 
Ciimbei nat’b ligament, aftei which it is continued on Poupati’s ligament 
until the point of ongm of the internal flat muscles is reached It is usual!} 



1 ir 12 - I la hrst suture lint complctctl Hit suture pnssts o\er tlic curd uni forms i 
linn rnif, Cire must lit tiheii not to cotnprt s the cord nniluh 



lie 13 — Second slit 111 1 line completed lhe suture pisses 
fiom the pubic tubercle to w lucli it is firmh ittiched to the 
opposite lcif of the fisen unking i new md undilitible extern il 
ritiK 

long enough for this pui pose If not, one 01 tw r o stitches of clu 01111c catgut 
may be employed to complete the line of sutuie As tlieie is little if any 
tension at this point, chionnc catgut is sufficient 

( 6 ) The second fascial sutuie is derived from the lateial pillai Aftei 
being piepaied and fixed to the needle it is employed to close the intei val 
left in the aponeuiosis aftei the lemoval of the stups The stitch is first 
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passed just over the emergence of the coid to the opposite edge of the 
aponeurosis and continued until the gap is closed If not sufficient foi this, 
the suture line may be concluded with chiomic catgut, as there is no ten- 
sion here and the suture line is immediately over the thick bell) of the 
internal flat muscles 

It will be observed that by passing this last suture acioss to the opposite 
leaf of the aponeurosis, just above the cord, this point, which is normally 
the weak point, is further strengthened, because the fascia extends acioss m 
the direction of its fibers and makes a stiong closuie, vheieas, if the fibeis 
of the aponeurosis aie simply sutuied togethei, bunging their lateral aspects 
m juxtaposition, it is much easier foi the fibers to be sepaiated by con- 
tinual piessuie fiom above 


COMMENT 

Normally theie is no muscle behind the cord except the conjoined tendon, 
and the canal is closed by the shutter action descnbed When there is a 
defect in the muscle lmpamng this action, it is necessaiy to cariy the fasual 
suture up to close this defect By taking a deep bite tlnough the thick part 
of the muscle, the fascial stnp comes into contact with the perimysium of 
the muscle and is fiimly anchoied In addition, the suture acts as a tendinous 
attachment to the structuies to which the muscle is sutuied 

It is a mistake to employ only one procedure for all heiniae The opeia- 
tion should be predicated upon the existing pathology 

The surgical rules that apply to sutunng undei tension do not apph 
to the fascial suture It does not cut out or absoib but becomes a peimanent 
tiansplant 

When a sac of an mdiiect henna is piesent it is lemoved by high liga- 
tion and covenng the stump over by a puise string sutuie of the trans- 
vei sails fascia This opening lies behind the origin of the flat internal 
muscles which amply protect it 

The advantage of separating the vanous layeis m the abdominal v r all 
is not only to facilitate the operation but also to peimit them to fall into a 
new relationship aftei the sutuie is completed, thereby affoidmg additional 
support 

The fascia is resistant to infection Where infection has occuired m 
dealing with very laige heiniae, especially when mcarceiated, the fascia is 
not involved I have seen the glistening fascia where it was exposed and it 
has remained viable and effective 

The operation descnbed protects the external ling even more effective!) 
than the noimal mseition of the conjoined tendon does 

Every case of hernia should be examined for weakness at the pubic end 
and whenevei found the defect should be closed as described, irrespective 
of what may have been done in order to lepair any coexisting hernia 

The cord is allowed to remain without disturbing its attachments more 
than is necessary to remove the sac, should one be present 
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When foi am 1 cason the fascia fiom the pillais of the nng is inade- 
quate, fasua can he seuiud liom the fascia lata in abundance bv using 
the Masson™ stnppei 

1 he chief defect in tathci opuations for inguinal henna, as tai as direct 
henna is concerned, was in the attempt to close the angular defect by suture 
liom side-to-side, which cannot he accomplished satisfactorily 

r l he mtiodution of the autogenous fascial suture has markedly improved 
lesults m the operation for inguinal hernia as a whole, as the results ob- 
tained by the Mato Clime, Scclig-’ 0 and Payne 2 ’ show Still, it does not 
appeal that the fascial suture has been as generally adopted as its value 
would seem to warrant The high percentage of recurrences following 
operations foi ducct henna has been an embarrassment to surgeons, which I 
believe the employment of the procedure herewith suggested will obviate 
We must get away from \iewing the sac as the exclusive cause of hernia 
and direct attention to the anatomic defect at the pubic end of the canal, 
which not only is the cause of duect hernia, but is. I believe, a contributing 
tactor in the development of indirect hernia 

The operation herewith presented can be almost as easily and quickly 
pei formed as those in wdueh prepared sutures are employed The only 
additional time that is teqiuted is for the preparation and threading of the 
fascial sutures 

CASE REPORTS 

Case i — No 39-159 June 21, 1931 Male, age 61, farmer 

Dm at ion — Tirst noticed in 1917 Operated in 1925 Recurrence several weeks ago 
Physical examination — Right direct inguinal hernn 

Operative findings — Round aperture lying on pubic bone with irregular sac 
Operative procedure — Sac isolated, ligated and excised Operation completed as 
described 

Result — April, 1938 Doctor reports no evidence of hernia 
Case 2 —No 40-15 Januarv 21, 1935 Male, age 27, laborer 
Duration — Five years 

Physical examination — Double hernia On both sides, on invagination of scrotum, 
finger passes directly over pubic bone into pelvic cavity On right side hernia comes 
down into scrotum 

Opaativc findings — Indirect sac on both sides 

Opaativc procedure — Sac isolated, ligated and excised, and reinforced by suturing 
transversalis fascia over neck Operation completed as described 
Results — April, 1938 Doctor reports no evidence of hernia 
Case 3 —No 40-32 Januarv 24, 1935 Male, age 19, clerk 
Duration — Two years 

Physical examination — Left inguinal hernia Docs not enter scrotum On examina- 
tion, finger passes over pubic bone into abdomen Can palpate edge of rectus 

Operative findings — No sac in relation to cord, lower segment internal flat muscles 
and conjoined tendon deficient Fibers of muscle pass directly to rectus sheath 
0 pei alive procedure — Operation completed as described 

Results — Has moved out of the state but reported over phone “Has no trouble, 
perfect result ” Since above note, patient returned to city for examination No evidence 
of hernia was found 

Case 4— No 40-52 February 21, 1935 Male, age 48, bank official 
Duration — First noticed 21 years ago 
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Physical examination — Both external rings enlarged and has protrusion at external 
rings On invagination of scrotum, on both sides, finger passes o\cr pubic bone direclh 
into abdominal cavity 

Opciatwe findings — Deficiencj of lower segment of internal fiat muscles and con- 
joined tendon on both sides 

Opciatwe pioccdwc — Operation on both sides completed as described 
Result — April, 1938 Examined by myself No evidence of hernia 
Case 5 — No 40-64 March 8, 1935 Male, age 36, farmer 

Physical examination — Both inguinal rings open and admit end of fingei when 
scrotum is invaginated Diagnosis Chronic appendicitis, double hernia 
Opciative findings — No sac Muscle deficiency 

Opciatwe procedure — Appendix removed through muscle-splitting incision Opeia- 
tion on both sides completed as described 

Result — April, 1938 Doctor reports no evidence of hernia Since abo\e note, patient 
returned to city for examination No evidence of hernia found 

Case 6 — No 40-89 March 27, 1935 Male, age 61, farmer and laboier 
Duiation — Five months 

Physical examination — Right inguinal hernia, easilj reducible, inci easing in sire 
Has never extended into scrotum No pain No obstruction 

Opciatwe findings — Deficiency of muscle and conjoined tendon Large defect Mouth 
of sac extended nearly entire length of inguinal canal 

Opciatwe pioccdwc — Isolation of sac, ligation, excision Operation completed as 
described 

Result — April, 1938 Doctor reports no evidence of hernia 
Case 7 — No 40-97 April 2, 1935 Male, age 44, traveling agent 
Duiation — One and one-half years 

Physical examination — Undescended testicle on right side On standing has a large 
hernia which does not extend to scrotum Reduces easily Marked defect 111 external 
ring On invagination of scrotum, pubic bone is easily palpated and finger passes into 
abdominal cavity 

Opciatwe findings — Large defect at lower margin of internal fiat muscle, no con- 
joined tendon Testicle m separate sac Chronic appendicitis, adherent to neck of sac 
Opciatwe procedwe — Appendix removed through muscle-splitting incision, sac 
isolated, removed, neck sutured over with fascia transversahs Operation completed as 
described 

Result — April, 1938 Doctor reports no evidence of hernia 
Case 8 — No 40-138 May 9, 1935 Male, age 33, laborer 
Duiation — Fourteen or 15 years 

Physical examination — Left inguinal hernia well down in scrotum Difficult to ic- 
duce Pubic bone easily palpated External ring small 

Opciatwe findings — Low'er segment of internal fiat-muscles deficient and conjoined 
tendon consists of only a few' fibers Sac led up to internal ring 
Opciatwe pioccdwc — Operation completed as described 

Result — April, 1938 Doctor reports no evidence of hernia Patient de\ eloped hernia 
on opposite side 

Case 9 — No 40-158 May 21, 1935 Female, age 59, secretary 
Duiation — Twenty years 

Physical examination — Truss discarded four \ears ago because meficctnc Hcrnn 
casdj reduced Pubic bone easily palpated 

Operative findings — Conjoined tendon lacking Hernia is iatt\ t\pe with small sac 
originating at abdominal ring 

Operative pioccdwc — Sac isolated, ligated and removed Operation completed as 
described 

Result — April 22, 1938 Examined b\ nnself, no evidence of hernia 
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Case io — No 40-274 October 19, 1935 Male, age 59, superintendent of eoal mine 
Dura lion — One jenr 

Physical examination — Left inKum.il hernia Does not enter scrotum Large sub 
cutaneous ring Pubic bone easih palpated Protrusion appears on standing Disap 
pears on Ijmg down 

Operative findings — Hernia came through iinmediatelj under subcutaneous ting 
O11U slight contact with tord Lntirc absence of conjoined tendon 
Operative ptoccdun — Operation eoniplelul is described 
Hi cult — April, 1038 Examined b\ 111 j self , no evidence of hernia 
Case 11 — No 40-325 December 30, 1935 Male, lge 34 truck driver lilts beau 
boxes containing metal 

Duration — Main seats 

Physual examination — Right inguinal hernii Massne incarceration extending one 
third clist nice down thigh 

Operative findings — Two segments of intestine, one obstructed Reduced through 
right rectus incision Conjoined tendon poorlv developed Sac isolated and neck sutured 
Operative pi ate dure — Operation completed ns described 
Result — April 2t, 1938 Examined In nnself, no evidence of hernia 
Case 12 — No 41-29 lanuirv 25. 103d Male, age 60, farmer and caimer 
Duration — Seven vears 

Physical 1 lamination — Celt tngumtl herm 1 Massive incarceration Sv pbilitic, 
paralj7ed 011 right side, speech afleetcd 

Operative findings — Inc u cerate d sliding hernia containing sigmoid with hjper- 
troplucd appendices cpiploicnc and misosigmoid Cord pushed down in front of sac 
Enormous aperture one and one-lnlt inches in diameter 

Operatne procedure — Sae incised below misostgtiioid sutured md returned Op^ra 
tion completed as described 

Subsequent Course — Two weeks following operation developed a thrombosis of 
common iliac aitcrics and veins affecting both legs Death from gangrene 57 davs post 
operative Autopsv demonstrated thrombi Site of hernia excised for studs Hernia 
canal found obliterated Pathologic examination of the fascial suture demonstrated that 
the histology was unaltered 

Case 13 — No 41-61 Febiuarv 29 1036 Male, age 56, machinist 
Duration — Some jears 

Physical examination — Right inguinal hernia Indirect sac O11 invagination of 
scrotum, finger passes directlj over pubes into the abdominal cavitv 

Opcraiwc finding r — Well-defined oblique sac Conjoined tendon practicallv absent 
Operative procedure — Sac isolated, ligated and excised Operation completed as 
described 

Result — April, 1938 Examined bj mvsclf, no evidence of hernia 

Case 14 — No 41-77 March 26, 1936 Male, age 37, farmer and rural mail carrier 

Duration — Eight jears 

Physical examination — Left inguinal hernia, incomplete Hernia comes down w 
canal on coughing but is not complete On imagination of scrotum, finger passes 
over pubic bone to its posterior surface 

Operative findings — Sac of hernia had a verj’ broad base alongside the cord, showing 
deficiency of posterior wall of canal Conjoined tendon verj poorlv developed 

Operative procedure — Sac isolated, excised and closed bj suture Operation com 
pleted as described 

Result — Doctor reports no evidence of hernia 

Case 15 — No 41-120 Maj 30, 1936 Male, age 20, laborer, works on roads 
Duration — Four weeks 

Physical examination — Right inguinal hernia Historj r of knot size of hens egg. 
appearing while at work On invagination of scrotum, finger passes over the pubic bone 
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Operative findings— No sac found Conjoined tendon and lower segment of in- 
ternal flat muscles absent 

Operative pioceduic — Operation completed as described 
Result —April, 1938 Doctor resports no evidence of hernia 
Case 16— No 41-131 June 3, 1936 Male, age 32, laborer 
Duration — Six vears 

Physical craintnafion —Right inguinal hernia Truss ineffective O11 imagination 
of scrotum, finger passes directly over the pubic bone 

Operative findings — Congenital sac extending along cord Central portion ob- 
literated, below the sac is continuous with the tunica vaginalis Conjoined tendon 
entirely absent, muscle fibers passing over directly to rectus sheath , external ring large 
Opeiatwe pioceduic — Sac isolated, ligated and excised Lower portion of sac 

isolated and constructed into a tunica Operation completed as described 
Result — April, 1938 Doctor reports no evidence of hernia 
Case 17 —No 41-171 Julv 25, 1936 Male, age six 
Duiation — From birth 

Physical examination — Right inguinal hernia extending into scrotum Easily re- 
duced On unaginating scrotum, finger passes directh over pubic bone and into ab- 
dominal cavitv 

Opci alive findings — Definite sac extending to testicle No abdominal ring Neck 
of sac included w'hole of posterior wall of canal Lower segment of internal flat muscles 
and conjoined tendon absent 

Opeiatwe pioceduic — Sac removed Operation completed as described 
Result — April, 1938 Doctor reports no evidence of hernia 
Case 18— No 41-193 August 22, 1936 Male, age 65, dairjman 
Dm a f ion — Four years Four months ago hernia began to slip under truss 
Physical examination — Right inguinal hernia On invaginating scrotum, fingei 
passes over pubic bone directly in for some distance 

Opeiatwe findings — Cord had a sac running along it but contained no intestine 
Lower segment of internal flat muscles and conjoined tendon lacking, producing a large 
defect behind external ring 

Opeiatwe pioceduic — Sac isolated, ligated and excised Opeiation completed as 
described 

Result — April, 1938 Examined b\ nnself, no evidence of hernia 

Case 19 — No 41-284 Novembei 28, 1936 Male, age 46, laborer and farmer 

Duiation — Some jears 

Physical examination — Double hernia Right inguinal hernia, direct Left inguinal 
hernia Femoral hernia on right side and spermatocele on left O11 invaginating scrotum, 
on both sides finger passes over pubic bone directh into abdominal cavity 

Opeiatwe findings — No sac found on right, muscle deficiencv On left side, no 
conjoined tendon , muscle deficiencv Left aperture 2 \ 2 T /> cm 

Opeiatwe pioceduic — On right side, rectus sheath and muscle sutured to Cooper’s 
ligament, behind femoral hernia , protecting both femoral and direct hernia Operation 
completed as described on left side onlv 

Result — April, 1938 Doctor reports no evidence of hernia 

Case 20 — No 42-77 April 14, 1937 Male, age 48, captain 111 fire department 

Duiation — Two vears 

Physical examination — Right inguinal hernia Protrusion extends half wav to 
scrotum when standing Cannot wear truss Reduces when he lies down Hernia is 
large On invagination of scrotum, finger passes over pubic bone into abdominal cavitj 
Opeiatwe findings — Definite sac extending several inches along the cord Con- 
joined tendon present but verv attenuated 

Opiratixe proceduic — Sac isolated, ligated and removed Operation completed as 
described 
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Result — April, 1938 Doitoi icports no evidence of hernia 

Case 21 — No 42-86 Apnl 1 6, 1037 Male ape 26, ambulance attendant 

Duration — One month 

Physical examination — Left inguinal hernia Sudden onset of pain in left inguinal 
legion while carrying patient downstairs on a stretcher Protrusion occurred later Has 
protrusion when standing, reduces when lying dov n On lmaginating scrotum, finger 
passes inward directly o\cr pubic bone Mso has varicocele and elongated scrotum 
Opc> alive findings — Small sac at midpoint of Poupart’s ligament No conjoined 
tendon and muscle fibers pass dirccth to rectus sheath at a point about 5 cm above crest 
of pubes 

OpuatiVt proetdun — Sae isolated md returned Operation completed as described 
Resection of pampiniform plexus, amputation of scrotum 

Risult — April, 1938 Examined by imself, 110 evidence ot hernia 
Case 22 — No 42-06 April 22, 1937 Male, age 28, sheet metal works 
Dotation — Five y ears Second recurrence three months ago I irst recurrence one 
month after operation Second recurrence oik and one-half months after operation 
Physical 1 1 animation — Direct hernia, left 

Operative findings — Dissection showed onlv apt nature was just above pubic bone, 
where the opening easily admitted the finger 

Opnat ive piocedutc — Scar tissue cut out I issues dissected out and demonstrated 
Aperture closed by suturing rectus muscle and sheath to pectin ossis pubic with strip 
fascia from fasci 1 lata 

Result — April 30, 1938 Examined In my sell, no evidence of hernia 
Case 23 — No 42-245 November II, 1037 Male age 61, minister 
Duration — Recent occurrence 

Physical examination — O11 standing, has protrusion at external ring on left side, 
which reduces when he lies down On invagination of scrotum finger passes 111 dirccth 
over pubic bone 

Opciativc findings — Long slender «ac between pampiniform plexus and cord down to 
external ring Accompanying the sac was a globular pad of fat Finger passes directly 
through external ring to inside of pelvis 

Opciativc piocedutc — Sac isolated, ligated and excised Operation completed as 
described 

Result — April, 1938 Examined bv myself, no evidence of hernia 

Discussion — The series 111 which the technic described in this paper 
was applied consisted of 23 patients, among whom there were four w r ho had 
double herniae, making a total of 27 operations This number of operations, 
while not large, w'ere all performed by myself in an attempt to find out 
why herniae recui In each case the tissues were thoroughly isolated by 
dissection and then insertion exposed, and the facts levealed studied m 
the light of what had been written on the subject 

The key to the diagnosis of dncct henna w r as the maneuvei ot lmaginatmg 
the sci otum and passing the fingci over the plainly felt superioi surface of 
the pubic bone into the cavity of the pelvis beyond the insertion of the 
rectus muscle The defect thus demonstrated w r as more marked in some 
cases than in otheis but was, howevei, definite m every case In some of 
the cases two fingers could be intioduced and sw'ept around beyond the 
insertion of the lectus muscle 

I was able to demonstrate, in eveiy case, that wheie this maneuver in- 
dicated that the conjoined tendon was deficient, on dissection it was found 
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to be absent In addition to that, it was found that the low ei bundles of 
fibers of the internal flat muscles were also absent The widest gap abo\e 
the pubic bone w^as 5 cm (two inches), but the defect was not confined to 
the region of the external ring but extended lateralward to the internal ring 
or beyond This probably explains why there are recun ences following 
operations for indirect hernia It is now generally conceded that recurrence 
in these cases takes place below the internal ring 

The low'er segment of the internal flat muscles and the conjoined tendon, 
which is a continuation of them, produce the shutter action referied to by 
Sir Arthur Keith, 17 so that there is not only a defect but a lack of this very 
important shutter action I was able to demonstrate this very clearly in a 
case of indirect hernia with a rather large external ring but with an intact 
conjoined tendon When the little finger was introduced into the inguinal 
canal and the patient coughed, the finger was constricted very fir ml} by the 
muscle 

In each case, notwithstanding the fact that the hernia was a definite 
direct one, the cord was examined carefully for a sac In 14 of the 27 
hermae a sac was found Some were rudimentary, others larger An intei - 
esting condition was found in three cases where the mouth of the sac was 
very large, corresponding to the length of the posterior wall of the inguinal 
canal 

Follow-Up — All of the cases have been reexamined, either by the patient’s 
attending physician or by myself, during the month of April, 1938 In 
every case the findings were the same On invagination of the scrotum, the 
external ring was found to be firmly closed, so that not even the tip of the 
finger could be introduced There was no bulging or protrusion at any 
point while standing, coughing or straining 

Congenital Condition — From the umfomity with which the deficiency 
m the lower segment of the internal flat muscles and the absence of the 
conjoined tendon were found, it may be reasonably inferred that the pre- 
disposing cause for direct inguinal hernia is the presence of a congenital 
condition This was borne out m this series of cases by the occurrence in 
three cases, whose ages were six, 19 and 20, respectively, in which it was 
noted that the lower segment of the internal flat muscles and the conjoined 
tendon were deficient In the 19 and 20 year old cases, there was no sac 
In the six year old case, there was a peculiar sac, in that there was no 
internal abdominal ring and the mouth of the sac included the wdiole of the 
posterior wall of the inguinal canal 

CONCLUSIONS 

(1) Direct inguinal hernia is caused by a deficiency of the lower seg- 
ment of the internal flat muscle and the conjoined tendon 

(2) This appears to be a congenital condition but as a rule the hernia 
does not appear until later in life 

( 3 ) The defect can be closed with certain!} onl\ by the use of fascial 
suture 
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(4) Ibis delect piesents the shape of «ui 11 rcj4ul.11 triangle in w Inch the 
base is the pubic hone Jn closing this defect, the reetus muscle and the 
sheath must he sutuicd fust to the ligamentous tissue co\ermg the superior 
stufaec of the pubic bone, aftei which the internal flat muscles are sutured 
to Potipait’s ligament, thus completing the closuic 

(5) The operations desenbed In Bussing JIalsted and Ferguson visual- 
ize hernia as being a sae pi oti tiding through the inguinal canal, and the 
opeiations aic directed tow aid remocal of the sue and the construction of a 
new and stiongei canal foi the cord Direct hernia has no relation to the 
canal and the cord except that it appeals at the lower end 'J he problem 
of cuiing direct henna In one ot these staudaid opeiations suggested modi- 
fications that ha\e not been suceesstul 

(6) 'J lie examination foi inguinal hernia should alwacs include imagina- 
tion of the seiotum and exploitation of the external ring and the supcnoi 
surface of the pubic bone It the fingct passes dueeth oner the pubic bone 
into the pehic cu\it\ the 1 e is a defect which must be closed as described, 
mcspectne of what else mac lit found ncccssarc to be done for other 
conditions 
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DISCUSSION Or THE PAPERS OP DOCIORS ROBINS AND WILLIAMS 

Dr A O Singleton (Galveston, Texas) I wish to con §1 atu late both 
essayists upon this excellent exposition of the repan of defects 111 the inguinal 
region I would like to dnect my remaiks to Doctor Robins’ paper Doctoi 
Robins has been thinking about these herniae foi a long time, and has 
written upon the tieatment of them pieuously We know that where wc 
hate maiked stiain on the abdominal wall it is usually well supplied with 
fascia As has been as well demonstiated, the great difficulty in lepairmg 
these defects is m the absence of fascia About 1917, I lead a papei re- 
porting eight cases of tiansplantmg some fascia in cases of inguinal hernia, 
and have practiced it on very difficult herniae, both dnect and indirect, at 
different times A few yeais ago the hteratuie became filled with lepoits 
of fascial sutuies, and I started employing these 111 place of fascial patches 
Doctor Robins’ suggestion of using this fascia has lecalled some unpleasant 
experiences I w r orked with these, Dying to make and tie them, but it meant 
hours of w'oik and not always satisfactor) results, so I finally returned to the 
employment of the patches of fascia 

I looked up all the cases w r e have had and found theie had been 54 
tiansplauts of fascial patches, in veiy difficult inguinal herniae, direct and 
indnect, selecting the difficult ones, as a uile those that had recm red From 
the very fust w r e practiced exposing the inguinal region, 111 preparation 
foi lepair, as one would b\ any othei method Under local anesthesia, a 
patch of fascia w r as lemoved from the thigh, after measunng the appioximale 
size of the opening ■which was to be filled A notch was cut m one end, 
and the coid placed through near the notch It was then sutured along the 
inguinal ligament with fine chiomic catgut silk and sutuied carefully to the 
pubic bone The fasua was then picked up with mattiess stitches through 
the internal oblicjue muscle and these sutures were not tied at this time 
1 he hernia was then repaired 111 the usual wu\, the muscle being brought 
down under the cord aftei which the mattiess stitches were tied Following 
this the external oblique was brought togethei as one would do ordinarih 
jn other words, this tiansplant was placed behind the muscles and then a 
Hassini hernia operation was performed over it Out of 54 cases, selected 
trom probabh 1,200 herniae, extending o\er a period of some jears, we 
ha\e not been able to find one that has had a recurrence We ha\e had the 
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Mound infected and diaincd fot several days lull no gi.ifts have been lost 
This method has, tiicicfoic, been found to be (fUlucnt loi the aue of these 
defects m the inguinal region, and has not been followed In a lecurrence 
m a single case 

Dr Willard Barilltj (St Louis. Mo ) I fc cl quite qualified to dis- 
cuss this subject, I think, because of the fact that I ha\e had moie grid 
than anybody else with hcrmac My outstanding ic stilt was on an old 
hospital orderly upon whom I opetated for a bilateral recuirencc alter ten 
operations upon both sides for duect hcrmac I am too modest to tell 
ton what my result was, but he does not come m on the cases referred to 
above 

In this class of case, we adopted the following proceduie for want of 
something better We incised the skin, exposed the herniated mass, picked 
up the cord, pushed the herniated mass mto the ling, and wo\e in fascia 
sutuics like a chair bottom We picked up the ring wherever we could get 
it, crisscrossed the sutures, and when completed, the individual could not 
push out lus hernia at all I do not remember a recurrence, though a num- 
bei of cases are of long duration 

Dr CiiARLrs R Rom ns (closing) I should like to say a word about 
the rcfciencc made to me m Doctor Williams’ paper One could not help 
but be pleased to i eahre that an expedient I had practiced some v ears ago 
should lead to the development of a standard operation for the cure of in- 
direct hernia The case in which I first performed the operation foi the 
lelief of hernia through an abdominal incision was to relieve a strangulated 
femoral hernia, which had been incarcerated for some time, and there was a 
possibility that it might be necessary to resect the intestine 

I had previously reduced a strangulated femoral hernia by incising Gim- 
bernat’s ligament, a procedure which had long been advocated However, 
in this case, although the reduction resulted m the recovery of the patient 
from the strangulation, she subsequent!} developed a very large femoral 
hernia that could not be repaired 

I found that by approaching the hernia from above, through an abdom- 
inal incision, the reduction was simplified, and that it afforded ample space 
in which to resect the intestine, if necessary I have approached the hernia 
fiom the abdomen in strangulation in a numbei of cases but have not adopted 
the piocedure for the cure of simple hernia as a routine procedure Doctor 
LaRoque developed the opeiation as a curative procedure, and Doctor Wil- 
liams lias still further developed it One also sees very favorable references 
to the procedure in the literature 

Referring to Doctor Singleton’s remarks, I have used the patch fascial 
transplant in a few cases with satisfactory results The fascial suture is, 
however, a more convenient and more easily applied method of using the 
fascia My first observation of the use of the fascial suture was at the 
Mayo Clinic some few years ago Doctor Masson had devised a stripper, 
which I have found a most satisfactory instrument However, I have not 
found it necessary to secure fascia from the thigh except when the pillars 
of the rings could not be used The objection to getting fascia from the 
thigh, either patch or a suture, is that it makes two operations, and con- 
sequently prolongs the procedure 

The operation that I have shown is a simple one and can be done as 
quickly as when the prepared sutuies are used The only additional tunc 
i equired is to prepare the fascial strips and to attach them to the needle 
This, however, is a matter of only a few minutes 
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MADELUNG’S DEFORMITY 
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Brooklyn, N Y 

HtOM Tilt 8UM.ICAL SFKWCt OF CUMBEHLAND HOSPITAL, MERRILL S lOOTt, MD IIIRK.TOB, BROOK IT S N \ 

Madelung’s deformity may be described as an idiopathic, progiessive 
curvature of the radius due to a dyschondroplasia of the inferior radial epiphj - 
sis, resulting m a deformity of the wrist, giving it the appearance of an 
anterior (or, more rarely, a posterior) subluxation of the hand Several 
earliei authors, including Madelung himself, have accredited Dupuvtien with 
the first reference to this condition, while others ha\e given it the double 
patronym of “Dupuytien-Madelung,” but Stetten, 221 who has carefull) exam- 
ined Dupuytren’s right to this distinction, finds that it cannot be substantiated 
Dupuytren’s report, 73 m 1834, is based on a quotation taken, by his own 
admission, from Begin, 11 who, m 1825, noted among adult male workers, not 
the typical spontaneous deformity, but a true forward dislocation of the w 1 1st 
as a result of occupation Other similai reports of a vague 21 ' 5 or secondaij, 
static deformity 130 appeared soon after 

Probably the first description of the tiue deformity w'as that by Mal- 
gaigne, 138 in 1855, while in 1875 J ean 115 repoited the first definite anatomic 
dissection But the credit for first piesentmg a clear picture of it as a dis- 
tinct clinical entity reverts to Madelung, 135 wdio, in 1878, before the Seventh 
Congress of German Surgeons, described the condition as a disturbance of 
growth m the joints, analogous to pes valgus, genu varum and scoliosis, and 
regarded it as a subluxation of the wrist joint It remained for Duplay, 71 
m 1885, to point out that the deformity w r as a result of volar bowing of the 
distal end of the radius 

Practically all that has been written on this subject has appeared in the 
French, German and Italian literature, and it was this fact, together with 
the paucity and meagerness of references to the subject in the various text- 
books, that prompted Stetten, 221 m 1909, to describe, in American literature, 
a case of the defoinnty wduch he had pieviouslj icported 220 abioad, and at 
the same time presented a complete renew' of the literatuie 1 elating to it 
Mthough he definitely mentions seveial piewoush reported cases in America, 
he has been misrepresented by subsequent authors as having reported the 
first case from this country At the piesent time one finds the reports of 
cases of this condition in a deplorable state They are inadequate, often 
'ague and unconvincing, while references are meagei and all too frequently 
incorrect Instead of being content with a case leport, a quasi rewew’ of the 
Submitted for publication April 22, 1938 
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htei.ituie has been picscnted which meielj screes to pupau«itc the inaccura- 
cies of pi e\ ions wntcis 

Poole}, 17 *' in 18S0, eueknth totally unaware of Madelung’s report, dc- 
bctihed the fust authentic case m Amt i lean lituatuie KiefTer, 1 -' 0 in 1902, 
hnefl} desenbed anothci , Beckham,"'*' in 1907 poor!) piesentcd a ques- 
tionahle case m a gul, age 14 Ih msmade, JS in 1909, reported the fourth 
case, Staten-'- 1 wiote his incomputable article in 1909, a few months later 
Beckham .uul Hammond,"’" m a pi equitation o! mtutsting cases from their 
clinic, teported two cases (\*os 3 and 4 j as examples ot Madehings dcfoinut) 
I11 one of these no eudence 01 dcsuiption w an anting a definite diagnosis 
of the genuine elefoimit\ is gi\cn. although the othci case (Vo 3} is an ex- 
cellent example of the laic icterse type of the deformity Stokes- 1 -’ 1 added 
two 11101c Ameiiean cases 111 1910, while 111 1911, Jones' 1 ' 1 brief!} described 
another case, and 1 n\ lor-’-”* ic ported two cases m 1912 I11 1914. Adler' 

hriefie descnbed a case which he called Madclungs defornntt, while in I9!5» 
I'arkes"*' lcpoitcd a case upon which lit had operated with excellent results 
In 1916, Call 71 gu\c a good picsentation ot an curb case of the detorinit} 

Despite the acailahihty ot these repents in \nierican literature, or at 
least then mention 111 Steffen's article, Brown, 11 in 1924, reported lus case 
as “the fourth ease repotted 111 \mema,” while in the same }tar Lev\n, n - 
ieali7ing Bi own’s mistake, as he thought, wiote a “icport of two cases con- 
stituting the fifth and sixth \merican cases,” when in truth the} weic really 
the sixteenth and sewenteenth Also in 1924 Moore 1 *' 1 rcpoited two cases 
upon which he had opciated, while m 1936, Claiborne" reported a case 
Emboldened In a thorough, methodical and exact sunew ot the related 
American hteiatuic, we feel we au coireet in reporting the ease herein 
cited as the twenty-first fiom this countr) Two reports"'-' ■ n *' ha\e not been 
included in this senes since then ohuousl} do not fall into the categoiy of 
a tiue Madehings deformity, picsenting, as they both do, lesions of the 
ulna and not of the lacluis 

Comprehensive lcviews on this subject lmc appealed from tune to time 
In 1903, Abache 1 compiled a hihhogiaph) icpoiting 41 known cases of the 
deformity wduch he had succeeded in collecting Gasne"*’ reviewed the subject 
m 1906, hut did not add any new cases In 1907, Estoi 77 published a total 
of 85 cases Steffen 2 -" collected, and gave brief summaries of 62 cases up 
to 1908 In 1908, Siegnst J1J tabulated 38 cases, and Franke s ‘ only 56 M 
I 9 ° 9 » Mai sail 140 listed 90 cases, in 1911, Ramos lsr ' listed 69 cases, while 
in 1913, Melclnoi , ir<2 aftei reviewing the subject, accepted only 75 cases ’ 
wdule in 1933, Sahsachs-' 03 lepoited a total of 133 knowm cases 

The discrepancy 111 these figuics is obvious, and is due to the considerable 
difference of individual opinion as to wdiat constitutes a ti tie instance of 
this defoinuty and on what evidence it is to be accepted Although only 
five cases reported by Madelung aie specific enough foi acceptance, he claims 
to have seen 12, and he is sometimes credited with that number In the dis- 
cussion of Madelung’s papei, 135 Czerny claimed to have seen tw r o cases, 
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Iiirschberg two cases, and similar cases w'eie claimed to ha\e been noted 
by Langenbeck, but Abadie 1 discaids then claims, being unable to find pub- 
lished reports of their obsei rations 

In the discussion of Gangolphe’s papei, 92 Berard 13 desciibed a case of 
his own, which Stetten is inclined to accept as genuine, but which we hare 
discarded as being too indefinite for acceptance Aftei describing a case 
occurring m mothei and daughter, Gueptn 104 lepoits a similat defoimitr 
m 14 othei members of the family, while Fete 81 claims to hare seen 25 cases 
in male epileptics We aie rathei reluctant to embody these figures into our 
own statistics We have found, as Stetten also lemarks, consideiable diffi- 
culty 111 knowing just which cases one should mcoipoiate In our own tabu- 
lation, we have tned to follow' Stetten’s cnteria m rigidly rejecting all cases 
where 

(1) Theie is a reasonable doubt as to the actual existence of a typical 
Madelung’s deformity, and a probability that the condition was some othei 
pathologic lesion 

(2) The defoimity rvas of such a slight degiee that it could scaicel) 
lie consideied abnormal 

(3) The descuption rvas too rague 01 the lefeience too indefinite to 
justify inclusion 

Also tending to upset an accuiate statistical compilation is the occasional 
leport of the same case by trvo men, as it occurs m the ai tides by Weber 2 r> 
and Busch, r ’ and Mullet 1 "’ and Fianke 87 Stetten himself has repoited the 
same case in two journals, 220, 221 while it has been a common piactice for 
sereial of the authors to reariange then primal y case repoit 111 subsequent 
articles 

In view of the foiegoing, rve hare attempted to eliminate these inaccura- 
cies fiom the liteiature, and have compiled a chart tabulating 171 cases which 
we hare succeeded m collecting 

We cannot agiee with Claiborne 41 in assuming that with the increasing 
number of examinations rvhich are lesultmg fiom the Workmen’s Compen- 
sation Act, and rvith the wider use of 1 oentgenologic examinations 111 tiau- 
matic surgei), theie will be moie obseivations and reports of this condition, 
since the type of patient piesenting a tine Madelung’s deformity does not 
come fiom either of these two gioups We do believe, hover er, that the 
condition is not so lare as the literatuie rvould seem to indicate, since it 
is not fiequently recognized, especially without the aid of the loentgenologist 


Case Report — Hosp No 69356 M D female age 18 was admitted to tin 
Cumberland Hospital, January 31, 1938, to the sen ice of Dr G B Reitz, complaining 
of pirn m and defornute of, both wrists during the past two eears She was born April I 
* 9 - 0 , 111 the United States, and no Instore was obtainable of am birth injure haring 
occurred She had had measles, whooping cough and diphtheria At age 9 die was 
v truck in an automobile, but there was no Instore or endence of am local injure to 
die wrists She had not engaged in am particular occupation which might account, for 
Icr defornute Her mother, age 47, three sisters and teeo brothers are all being and 
eull Her father died of pneumonia at age 47 There eeere no deformities or am 
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indication of svplnhs nr rnkcts in citlui pttcnl 01 in uiv of Iiti fnc brothers and 
sisters 

Phvviiil Lunmnalwn levt.ihd a well developed, well nounslicd gnl, 160 cm tall, 
w eight up 50 kg '1 einper.it me oo P pulse, .Hj rt epilations. 16 blood pressure, 130/65 
1 he visible milt oils imnibi tuts are of good tolor end the teeth are in pood condition 



lie 1 — (A) Litenl view showing the chiricterietic 1> i\ onct shaped lie for nut e inti tlie shortening 

in the length of both forcirms . , nc e 

(B) Anteroposterior uc« showing the prominence of the held of the turn it « 
of the wrist inel the ultnr devntion of the hind 

The oigans of special sense, and the thoracic and abdominal viscera arc all apparentl) 
normal, and there are no setisoiy, ti opine or vasomotor disturbances There are no 
fiontal or parietal bosses, the thorax is well formed and tbeie is no scoliosis, rachitic 
rosary or Harrison’s groove The hips and knees are normal and the tibiae are perfect > 
straight There is no broadening of the epiphyses ^ 

One is immediately struck by a curious bilateral deformity at both wrists (Fig 1 
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and B), as i! the hinds had biui dislocated antcnorlv There i» ah<» -’ll nhuon 
shortening of both forearms (left— eight and one-quarter inches long, right— eight and 
one-half inches long) A lateral view of the forearm and hand roughlv resembles a 
bav onet (Pig t A) There is i inarktd suellmg at the bach ol the wrist v Inch pal- 
pation determined as being the bead of the ulna and vdiich, apparently, overrode the 
carpus superiorly Palpation of the lower end of the radius reveals a definite forward 
bowing with corn exit} on the dorsal surface, and a moderate lateral bowing with the 
concavity toward the ulna This bowing Ins displaced the carpus and hand forward and 
to the ulnar side The flexor tendons are shghtlv more prominent than usual 
ments of the forearms show 

Radius (from the head to the styloid process) 

Ulna (from olecranon to stvloid process) 

Hand and forearm (olecranon to tip fifth finger) 

Circumference of wrist (at stvloid process) 

Thickness of w rist (at sty loid process) 

Breadth of wrist (at styloid process) 

Humerus (from acromion to external condvlt) 


than usual 

Measure- 

Right 

Left 

1 8 cm 

18K cm 

20K cm 

22 cm 

32 cm 

33 cm 

1 6 cm 

16 cm 

4 cm 

4} i cm 

5 8 cm 

6 }j cm 

29 H cm 

29*4 cm 


There is to be noted a decided shortening of the radius (from a noimal of appro' i- 
mately 22 cm ) of 4 cm on the right, and 3 1 - 2 cm on the left, and also a shortening of 
the ulna (from a normal of approximately 25 cm ) of 4 cm on the right, and 3 cm 
on the left Motion is the same either active or passive, and is somewhat painful at 
the extremes Mobility at the wrist is only slightly affected, and, although the deformity 
is clinically symmetrical, the right side is affected more than the left T he limit of 
motion from a horizontal plane is estimated as 



Right 

Left 

Flexion 

90° 

6o° 

Extension 

3°° 

O 

O 

Adduction 

O 

O 

40° 

Abduction 

25° 

O 

c 


Pronation and supm ition are within normal 
limits 


During a short stay in the hospital for the purpose of observation, a laboratory 
study of the patient was carried out Similar studies, partial or complete, have been 
made by Beder, 10 Brown, -51 Catterina, <0 Fazio,* 0 Siegnst, JU Stcttcn, 171 Tollas, 77 " and V lanna “ 
The results obtained by these investigations indicate that this condition is not manifested 
bv any deviation of the body’s chemical or biologic processes The data acquired m the 
present instance tend to confirm that impression 

Laboraton Data — Wasscrmann test negative Basal metabolism minus four Uranal- 
ws Color — yellow , 1,015, alkaline, albumin, sugar, blood and bile, all absent Micro- 
scopic examination essentially negative Hematology RBC, 5,030,000, Hb , 90 per 
sent, WBC, 8,950 Differential poly inorphonuclcars, 65 per cent, lymphocvtcs, 33 
per cent transitionals, 2 per cent, platelets 210,000, fragilitv, 045 to 027, sedimentation 
tune, 18 Mm in one hour and 20 minutes 


Blood Chemistry 


Urea nitrogen 

Sugar 

Albumin 

Globulin 

Chlorides 


12 9 mg 
S8 9 mg 
9 3 mg 
2 2 mg 
623 o mg 


Total cnolcstcro! 
Cholesterol c-ter 
Calcium 
Poosnlior^ 1 - 
Ictcnc moc' 


v m den Bergh Direct '■no lndmcm. — 

n;> 


105 3 mi- 
65 pc- rent 
10 5 mg 
4 8 mg 
38 m, 


MV t. 
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Roentgenologic Examination —Dr G H Koiransky “There is a stukmg altera- 
tion in the relatue lines of the radius and ulna on both sides, the tip of the ulna being 
on a definitely higher level than the stjloid process of the radius The cpiph>seal line 
of the distal radial epiphysis is visualized on both sides only in its radial half, and 
instead of running transverse!} through the whole thickness of the radius, makes a 
sharp bend, almost at right-angles, in the cephalad direction The aiticular sui faces 


of either radius, as visualized from lateral exposure, are defimtel} 
facing forward The distal ulnar extremity is subluxated in the 
ulnar-dorsal direction A small exostosis is noted on the ulnar 
aspect of the radius opposite the missing half of the epiph}seal 
line The roentgenographic appearance is tj pical of the so-called 
Madelung’s deformin’’ (Figs 2, 3, and 4) A roentgenogram of 
the skull (Fig 5) revealed “The character of the digital im- 
pressions are very marked, considering the age of the patient, and 
assume the appearance of the so-called ‘luckcnschadel ’ There is 
also evidence of a small amount of calcification in the region of 
the pineal bod} The sella turcica is apparently normal m shape, 
size and appearance Roentgenograms of the other long bones 
showed no abnormalities ” 

Because of the increased digital markings of the skull, it was 
desired to determine if there might be an increase of intracranial 
pressure The patient, however, refused to submit to a spinal tap 
Examination of the optic fundi did not reveal an} papilledema 

In \iew of the fact that the patient presented no menstrual 
disorders, or an} other eudence of a hormonal dyscrasia, it was 
not considered necessan to undertake the complicated determina- 
tions of the various sex hormones 

The patient w r as discharged and advised to return at a later 
date (on cessation of growth) for operative correction of the 
deformit} 



Pathology — The data considered in determining 
the pathology of this condition were obtained by review- 
ing the 1 71 cases tabulated herewith, which we have 
accepted as authentic examples of the deformity To 
earlier investigators 89 ’ u5> 135> 158 - 192 the opportunity for 
necropsy diagnosis presented itself, and seived to dispel 
the idea that the deformity was a dislocation of the hand 
In 1897, Jagot 114 first appreciated the impoitance of 


Fig 4 — Roentgen 
ognm of the entire 
fore'irm showing an in 
crease in the normal 
lateral cur\ature of 
the radius, the rarefied 
area on the internal 
margin of the lower 
end of the radius, and 
the exostosis on its ill 
nar border 


the roentgenologic examination 111 determining the diagnosis and pathology 
of this condition, and this aspect has been progressively developed, as evidenced 
by the increasing prominence given it m literature 


A leview of the published articles reveals that this deformity of the 
wrist may affect any, or all, of the various structures that go to make up 
the wrist joint, but it is the )adms, especially its lower extremity, that is essen- 
tially the seat of the primary pathologic phenomenon which is m the nature 
of an osteochondritic dysplasia, while any abnormalities of the ulna, carpal 
bones, articular cartilages, ligaments and tendons about the joint, are ap- 
parently all of a compensatory nature and secondary to the deformity of 
the radius 
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Jin Radius — Theie is .1 \anabic w idemng <»i mtc nwmiv space, flue 
to an exaggeration of the usual, normal lateral uiri.ittiu oi the diapln«i>, 
The most impoitant disturbance is the palmar bowing ot tlu di-tal end 
of the lafhtts. usual!) in the lower third, it^ greatest degice being situated 
at the ieginn ot the cpiplnsis or metaplnsis. ‘-ometimes us if the epiplusis 
lt^ilt had rotated (Fig 6) 

Kirmisson, 1 "” Stettcn,—’ 0 - 21 Pcckham and Hammond, 1CC Gaudier, 00 and 
P.ui rows 11 ha\ e each teported a case where the usual anterior bowing is 



Ik 5 — Kociitf.cnot.nm of tin skull •.lioump x nnrkcd mcix-i'c in (lipitil intpre'«Mons cMcification 
of tin pint il liodt, xml i nornnl 'dll turcicn 

leversed These constitute the only fine authentic cases of posterioi bow mg 
oi “leverse” type of the dcfoimit} (Fig 7) 

The epiphysis has been described as irtegular, scalloped and under- 01 
ovei developed The epiphyseal line sometimes is found to be broadened, 
hazy, or entnely absent If the rocntgenogiams aie examined carefull), lf 
can frequently be appreciated that the epiphyseal line is picsent onl) m lts 
lateial half, and its absence 111 the inner, or ulnar half, is indicatne of prenia 
tuie, paitial fusion of the shaft and epiphysis This finding will be noted m 
the roentgenograms illustrating the present case 1 eport 

Another interesting fact, brought out by Rochei 1£,r ’ and sti essed 1 ecent ) 
by other French authors, 80, 104, loc ' 107, 108, 202 is a hemiatrophy of the interna 
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half of the lachal epiphjsis This is indicated on the loentgenogiam by a 
small, larefied aiea on the mteinal, 01 ulnai side of the ladial shaft, imme- 
diately above the missing half of the epiphyseal line This finding was also 
piesent m the case heiewith lepoited, and was especially maiked on the left 
side 


DIAGRAMMATIC SKETCHES ILLUSTRATING THE ANATOMIC RELATIONS OBTAINING IN MADELUNG’S DEFORM 
ITT IN BOTH THE APPARENT ANTERIOR AND POSTERIOR (“REVERSE”) DISLOCATIONS 



Tig 6 — Shotting the defoimity at the back of the ttiist, the hotting of the radius and the apparent 
anterior dislocation (A) Section through the radius (B) Section through the ulna 



Tig 7 — Showing the appaient posterioi dislocation of a “reverse” Madelung s deformity (A) Sec 
tion through the radius (B) Section through the ulna 



Fig S — (A) Showing the normal aiched airangcment of the caipal bones (B) Showing the “pyia 
nudalization” of the carpal bones in Madelung's deformity, with the os lunatum at the ape\ 

A third interesting fact, which Stetten 221 descnbes “as a remarkably 
frequent finding as a coexisting lesion,” is the discovery of an exostosis near 
the distal epiphyseal line, usually on the ulnar side These thiee factois aie 
emphasized, and then significance will be appreciated in the consideration 
of the pathogenesis 

In addition to any appaient shortening of the total length of the ladius 
due to an antenoi or lateral cuivature, the radius often suffeis an actual 
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difoitnitv -*vcMmr at tin bul ot tin **rp* «*«« to tt" pro, tin** tn * nr 
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Mobtlitv at the joint p modihed h\ tin dptm burnt ot mechuucal tador- 
lints the antuiot bowing of the tadms haves the joint with an apparent!' 
hv perti opined sttperiot hp thetebv limiting e \tuision somewhat l he seeming 
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to he limited Depending on the atnottm oi lateial hovvinef adduction > s 
variably lestncted The position of the ulna l.irpth decides what range ot 
abduction mav take place Usuallv the piojectmg end of the ulna acts as * 
splint along the lateial hotdet of the eat pus, gteatl) restnettng abduction 
Occasionally the projection may so disorganize the lateral side of the J 01 
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that the carpal bones are foiced into permanent adduction, and render abduc- 
tion impossible 

Although the pivot of piouation and supination is at the proximal radio- 
ulnar joint, both of these motions, pai ticularly that of supination, are variably 
limited because of (i) The luxation at the mferioi radio-ulnar joint (2) The 
bowing of the radius (3) The disparity m size between the radius and ulna 

It is obvious, therefore, that restrictions, limitations and exaggeration of 
motion about the wrist aie directly dependent upon bony impingements A 
laxity of the joint membranes and ligaments, which has been a constant finding 
on dissection, is a negligible factoi Outside of the fact that the flexor tendons 
are rendeied more piomment by being drawn taut over the inferior margin 
of the articular surface, they do not entei, essentially, into the pathology of 
this deformity 

The Hand and Carpal Bones — The deviation of the aiticular surface in- 
ward leads to a modification of the usual arched arrangement of the carpal 
bones, which become wedged 111 between the deformed radius and the pro- 
truding ulna, assuming a triangular appearance, with the os lunatum at the 
apex (Fig 8) Benneke 13 described this “pyranudalization” of the carpal 
bones as compensatory to the malai rangement of the component parts of the 
wrist joint Slight irregulai hies of the individual carpal bones have been 
described 

When the course of the deformity has reached its culmination, the hand 
and carpal bones come to he at a lower level than that of the ulna, the hand 
and forearm assuming a curious and chaiactenstic “bayonet-shaped” deformity 
(Fig 1 [A] ) This has been persistently described as a “silver-fork” (“’gabel- 
hand,” “maims furca”) deformity, but it is obviously a misnomer, as can be 
seen by viewing the wrist from the side The exception would be those rare 
cases of the “reverse” type of the deformity, which is really a “silver-fork” 
deformity It was probably Stetten’s 220 ’ 221 report describing a case of this 
type that prompted subsequent authors to misapply that name to the usual 
deformity 

Of the 171 cases herewith tabulated, it will be noted that the deformities 
were bilateral in 127 cases, of which 35 were more marked on the right and 
21 more marked on the left Two reports did not state whether a bilateral or 
unilateral condition existed Forty-two unilateral cases are repoited, of which 
18 occurred on the right and 22 on the left side, while in two repoits, the 
side affected was not specified When both sides are involved, one side 
usually becomes deformed before the other 

Predisposing Factors — Se.x Incidence — The influence of sex is indis- 
putable females predominating The ratio of female cases to male is variably 
put at 2 1 by Madelung, 13j 31 8 by Abadie, 1 47 9 by Homuth, 109 7 1 by 
Stetten," 1 and 4 1 by Sahsachs 203 Analysis of the 171 cases considered in 
Table I shows a ratio of 137 33 (one not specified), or an approximate 
ratio of 4 1 

Age Dish ibution — This condition is, essentially, an affection of adolescence, 
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Etiologic Theories — The following theories have been advanced explain- 
ing the etiology of Madelung’s deformity, some of which are no longer tenable, 
but are included for the sake of historic completeness 

( 1 ) Trauma — This factor was advanced by the old French school (Begin, 11 
Dupuytren 73 ) Along with the predisposing factor of occupation, trauma has 
been dropped from serious consideration for much the same reason — its pre- 
ponderant occurrence in young girls, who are certainly less exposed to trauma 
than the general population 

(2) Musculai — Madelung 135 himself, gave credence to this theory when 
he stated “The mam factor in its causation is the more pow erful action of the 
flexors of the forearm, due to overexertion Continued hyperflexion stretches 
the extensor tendons and the posterior ligaments over the dorsum of the 
radial epiphysis, exerting a forward force and producing a volar bowing ” 
Busch, 35 who championed this theory, attempted to correct the deformity by 
tenotomy of the flexor tendons, but the procedure proved to be ineffectual 
This theory could hardly explain those cases of posterior bowing, nor does it 
take mto account the anatomic position of these muscles and the insertions of 
their tendons, which would lead one to expect deformity to take place m the 
fingers and hand, rather than at the wrist 

(3) Nervous — This theory, advanced in a hypothetic manner by Felix, 81 
is altogether untenable, and is merely mentioned in passing 

(4) Osseous Dystrophies — Landivar 325 compares the deformity to the 
group of conditions such as Paget’s or von Recklinghausen’s disease, etc , but 
these conditions are each of their own clinical entity, and occasionally, if they 
should present a “symptomatic” form of Madelung’s defoimity, as 111 Bjoi- 
kroth’s 23 or Rocher’s 193 case, they may be easily differentiated loentgeno- 
logically 

( 5 ) Inflammatory — Considering the fact that osteomyelitis, as well as 
Madelung’s deformity, also frequently occurs during the secondaiy giowth 
period, and that Rosenow has succeeded in demonstrating oigamsms specific 
for various paits of the body, it is surprising that this theory has had such 
fleeting and ineffectual backing However, this is due to a lack of any positive 
evidence m its favor 

(6) Endocune — It is inevitable that the pi eponderance of female cases 
would suggest an endocune basis for the condition Earl, 74 Csei ey-Pechany, 51 
and Beder 10 have leported cases of the defoimity which showed mild 01 
severe ovarian hypofunction Cserey-Pechany gave his two patients ovarian 
and glandulai hoimone therapy foi a period of seven months He not only 
claimed to have checked the course of the disease, but attempted to demonstrate 
roentgenologically an actual regression of the defoi nuty However, the course 
of the disease may cease at any time, even without medication, just as spon- 
taneously and as insidiously as it began As foi the 1 oentgenographic evi- 
dence, one must realize that, unless serial exposures are made at exactly the 
same angle, marked differences in the appearance of the curvature may result 

( 7 ) Rickets — This theoiy has been regarded as the most frequently pro- 
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occurring m the secondary growth period, and has its inception, with but few 
exceptions, between the ages of ten and 14 

Heicdity — Definite instances of a hereditary influence aie to be noted m 
nearly one-tlnrd of the lepoited cases Guepm 104 reported a case of a girl 
whose mother presented an even more mai ked deformity , the father also had 
laige wrists, the sisters and brotheis of the mother showed a similar lesion, 
all nine sisters and brothers of the patient and the children of a sistei had had 
prominent ulnae from childhood In Jagot’s case, 114 the fathei, uncle, and 
grandfather had thickened wrists, but did not have any functional disturbance 
Other instances of the deformity m three generations are to be found in the 
repoits of Roget 200 — mother and giandfathei , Volkmann 284 — mother and 
giandmother, Siegnst 212 — sisters, mother and grandmothei , and Reich 188 
Cases occurnng in siblings have been described by Ardoum 7 — brothers, Sol- 
berg 214 — brothers, whose parents were cousins , Sauer 204 — bi other and sister , 
Pechazzi 107 — mother and sistei , Vidal 282 — mother and sister, and Wery 230 — 
sister Not infrequently the defoimity is piesent m mothei and daughter, as 
cited m the reports of Dekeyser, 59 Gangolphe, 92 Malfuson, 137 Levyn, 132 and in 
Stetten’s case, 221 where there was a history of deformed wnsts m the mother 
Othei instances of a hereditary nature are found m the reports of Estor, 77 
Biandes, 20 Salisachs, 203 Gaugele, 98 Magnus, 130 and Massabuau 143 Nove- 
Josserand, m the discussion of Gangolphe’s 92 paper, suggests that a latent 
heredity, becoming active when the hands are first actively used, may be the 
etiologic factor of the deformity 

Occupation — This factoi was once stiessed by the eaily Fiench wi iters, 
but it is illogical to suppose that any condition occurnng usually in young 
girls who are either too young to work or whose work is of a comparatively 
light nature can claim occupation as an etiologic factor 

Envnonment — The high percentage of cases reported fiom the poorer 
classes can be easily explained by the fact that it is this class of patients 
that supply the clinical material upon which most of our medical literature is 
based It was the opinion of the early writers that living conditions provided 
an etiologic factor to the development of this condition comparable, possibly, 
to the occurrence of rickets, tuberculosis, etc 

Pathogenesis — T he multiplicity of nomenclature designating this con- 
dition reflects the variable pathologic processes propounded, and it has been 
remarked that there are nearly as many etiologic theories as there are authors 
As examples, the following aie instiuctive “Manus valga” (Madelung, Siegnst 
and Sauer) , “carpus curvus” (Delbet) , “ladius ctirvus” (Destot, Gan- 
golphe) , “congenital dislocation of the wrist” (Pooley, Estor) , “late rickets 
of the wrist” (Duplay, Salisachs) , “progressive subluxation of the wrist 
(Kirmisson) , “progressive idiopathic curvature of the radius” (Stetten) , 
“adolescent club-hand” (Mauclaire) , “carpo-cyfose” (Robinson et Jacoulet) , 
“cubitohsthesis” (Palazzi) , “manus furca” or “gabelhand” (Springer) , 
“ladius brevioi” (Masmonteil) , and “dyschondroplasia of the mfeiior radial 
epiphjsis” (Rocher) 
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Etiologic Theories — The following theories have been advanced explain- 
ing the etiology of Madelung’s deformity, some of which are no longer tenable, 
but are included for the sake of historic completeness 

( 1 ) Trauma — This factor was advanced by the old French school (Begin, 11 
Dupuytren 73 ) Along with the predisposing factor of occupation, trauma has 
been dropped from serious consideration for much the same reason — its pre- 
ponderant occurrence in young girls, who are certainly less exposed to trauma 
than the general population 

(2) Muscular — Madelung 135 himself, gave credence to this theory when 
he stated “The mam factor m its causation is the more powerful action of the 
flexors of the forearm, due to overexertion Continued hyperflexion stretches 
the extensor tendons and the posterior ligaments over the dorsum of the 
ladial epiphysis, exerting a forward force and pioducmg a volai bowing” 
Busch, 35 who championed this theory, attempted to correct the deformity by 
tenotomy of the flexor tendons, but the procedure proved to be ineffectual 
This theory could hardly explain those cases of postenoi bowing, nor does it 
take into account the anatomic position of these muscles and the insertions of 
their tendons, which would lead one to expect deformity to take place m the 
fingers and hand, lather than at the wrist 

(3) Nervous — This theory, advanced m a hypothetic manner by Felix, 81 
is altogether untenable, and is merely mentioned in passing 

(4) Osseous Dystrophies — Landivar 125 compares the deformity to the 
group of conditions such as Paget’s or von Recklinghausen’s disease, etc , but 
these conditions are each of their own clinical entity, and occasionally, if they 
should present a “symptomatic” form of Madelung’s defoimity, as m Bjoi- 
kroth’s 23 or Rocher’s 193 case, they may be easily differentiated loentgeno- 
logically 

(5) Inflamiuatoiy — Considering the fact that osteomyelitis, as well as 
Madelung’s deformity, also frequently occurs during the secondaiy growth 
period, and that Rosenow has succeeded m demonstrating oiganisms specific 
for various parts of the body, it is surprising that this theory has had such 
fleeting and ineffectual backing However, this is due to a lack of any positive 
evidence in its favor 

(6) Endocnne — It is inevitable that the pi epondeiance of female cases 
would suggest an endocnne basis foi the condition Earl, 74 Cseiey-Pechany, 51 
and Beder 10 have reported cases of the defoimity which showed mild 01 
severe ovanan hypofunction Cseiey-Pechany gave his two patients ovarian 
and glandulai hoimone therapy for a period of seven months He not only 
claimed to have checked the course of the disease, but attempted to demonstrate 
roentgenologically an actual regression of the defoi mity However, the course 
of the disease may cease at an) time, even without medication, just as spon- 
taneously and as insidiously as it began As foi the i oentgenographic evi- 
dence, one must realize that, unless serial exposures are made at exactly the 
same angle, marked differences in the appearance of the curvatuie may result 

(7) Rickets — This theoiy has been regarded as the most fiequentl) pro- 
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pounded and ardently defended of all A canvass of the literature reveals a 
comfortable majority as proponents of the etiologic factor of tardy, or late, 
rickets Sahsachs 203 is a contemporary exponent of this theory, and a large 
pait of Ins article is devoted to an attempt to prove its applicability In 
lebuttal, we would like to point out that rickets is a constitutional disease, 
and shows other manifestations besides bony pathology, which are never seen 
m Madelung’s deformity, 1101 have there been moie than one or two cases 
m all those reported of the condition where other bony manifestations, such 
as cramotabes, Harrison’s groove, 1 achitic-rosary, etc , have been demon- 
strated The occasional coexistence of scoliosis can be explained on the 
ground of postuie, nor is it unusual to find scoliosis coexisting with prac- 
tically any study made of dispensary patients The actual existence of 
rachitis tarda as a clinical entity has been denied by several authors (Holt 108 ), 
but even if one were to presume its existence, it would be difficult to explain 
how it would localize itself to one or both ladu, to the exclusion of the rest 
of the skeletal system, since even those authonties who do believe in the 
existence of late rickets (Clutton , 45 Roose 201 ) insist that general epiphyseal 
lesions are essential foi a diagnosis 

( 8 ) Dyscliondi oplasia of the Distal Radial Epiphysis — Even Madelung, 
in his onginal presentation, presupposed “a primary weakness of the bone” 
m the etiology of the defoinnty, while Redard 180 expounded the idea that the 
disease was due to a disturbance of growth of the epiphyseal cartilage Delbet 00 
also concluded that it was due to an irregular development of the epiphyseal 
cartilage, related to cartilagenous exostosis, analogous to genu vaium, but, 
like Redard, he imputed it to late rickets Stetten 221 states that “Closer to 
the correct solution comes the suggestion that the deformity is a disease of the 
epiphyseal caitilage,” and rejects entirely the factor of late rickets 

The mechanism of dyschondroplasia is suggested by the rarity of cases , 
the 1 emarkable uniformity of the age at the onset , the usual bilatei al occui - 
rence, the absence of the usual stigmata of rickets 01 a history of local trauma, 
its onset dunng the secondary growth penod, and the fiecjuent association of 
the deformity with othei anomalies Kun 124 and Ingbei 112 lepoit the coex- 
istence of an asymptomatic sacralization of the fifth lumbai metamere , 
Kajon , 110 an homolateral cervical rib , Beder , 10 Brown , 81 Stokes , 223 Mathieu, 14n 
von Bergmann , 17 and Chienci , 41 bowing of the tibiae, Rocher , 197 absence of 
the caput humerus, Kun 124 and Vianna , 231 spina bifida occulta, von Berg- 
mann 17 and Melcluoi , 151 brachymetacarpals , Solberg , 214 Franke , 87 and Fazio , 80 
stunted giowth 01 dwaifism, Gadrat , 90 Curtillet 32 and Dimitriu , 09 multiple 
exostosis Possibly if all the cases reported were to have had the entire 
skeleton examined roentgenologically, numerous other osteochondritic anoma- 
lies would haie been discoveied 

Bessel-Hagen 19 has attempted to demonstiate an airest in the develop- 
ment of ail) bone which glees rise to exostosis formation Stetten 221 remarks 
on the frequency of finding an exostosis near the distal epiphyseal line as a 
coexisting lesion in Madelung’s deformity The case herewith reported 
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presents this lesion, which may be noted on the ulnar side of the radius, 
at the level of the missing epiphyseal line (Fig 3) According to the obser- 
vations of Bessel-Hagen, this would lead to an arrest of development on that 
side, which is apparently what happens The lateral side of the radius con- 
tinues to grow at the epiphysis, sweeping the outer margin of the ladius 
along an arc, thereby giving rise to the lateral bowing of tbe radius This 
lateral cuivature was stressed particularly by Duplay, 72 who ascribed it to 
1 lckets 

If, as we are inclined to believe, the formation of the exostosis is secondai ) 
to, or part of, a piemature fusion of part of the epiphysis with the diaphysis, 
there will result a local cessation of growth Growing ends of bone ai e known 
to receive their blood supply from four sources (1) Tbe large nutnent 
artery which supplies the diaphysis, (2) a comparatively small epiphyseal 
artery, (3) the periosteal vessels, which supply the coitex, and (4) the juxta- 
epiphyseal vessels, as described by Lexer, which supply the growing metaphysis 
Thus, with premature fusion of part of the epiphysis, this last source of 
nutrition is cut off, and its loss is indicated by a comparatively rarefied aiea of 
bone This rarefied area, to be found on the ulnar half of the ladius, just 
above the epiphyseal line, is well shown in Figuie 3, and has been repeatedly 
stressed by Rocher 194 ’ 193> 19G - 197 ’ 198 and by Canton 39 

The hypothesis of local and partial fusion of only a section of the epiphysis 
can be deduced from the frequent finding that the epiphyseal line is indistinct, 
or even partly missing, as is shown in Figure 2 If we apply the same tram 
of thought to eaily fusion of the volar half of the inferior radial epiphysis, we 
can see that the anterior bowing of the radius may be the result of local 
“achondroplasia,” and that the mechanism of anterior bowing is dependent 
upon cessation of growth in the volar half of the epiphysis This is far moie 
logical than the usual hypothesis, promulgated by Gangolphe, 92 that the pres- 
sure of flexor action leads to an atrophy of the anterior half of the epiphyseal 
cartilage, with a compensatory hypertrophy of the posterior half 

Pels-Leusden 10S also presented the hypothesis that a disease of the in- 
termediary cartilage caused premature ossification of the ulnai and volar side, 
with a change in the direction of longitudinal growth Gickler 102 proposes to 
explain this premature partial fusion on the ground of a hemorrhage into the 
metaphysis as a result of disease, weight-bearing (as m crawling about in 
infancy), slight trauma, 01 even rickets Hemorrhage would tend to cut off 
the local blood supply and lead to early fusion Redard 180 had previously 
observed that continuous irritation, such as might be received from perfoinung 
some particular kind of work (washing, wringing, etc ) produced a func- 
tional hyperactivity of certain portions of the cartilage 

Fick and Pahil 84 point out that the dyschondroplasia itself is the basic factor, 
and any curvatuie produced is merely accidental, depending upon tbe portion 
of the epiphysis which undergoes dyschondroplasia Cases have been reported 
by Gickler, 102 and Dee 57 where no bowing of the radius existed, but where 
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dyschondroplasia was piesent Any eaily fusion due to dyschondroplasia 
will give rise to an actual shoi tening m the length of the radius 

We mention, m passing, that the mechanism of bowing m the rarer 
“leverse” type of the deformity is the premature fusion of the dorsal half of 
the radial epiphysis leading to posterior bowing Stetten 221 considers the site 
of bending of the radius dependent upon the age at which the disease begins, 
the nearer the lower end of the shaft, the later the affection Where the entire 
radius is curved, the process must have begun during mtra-uterine life, al- 
though a visible deformity may not have been noted until the deformity reached 
its height The degree of curvature would depend upon the activity of the 
pathologic process 

Differential Diagnosis — From the foregoing description, it would 
seem to be quite easy to diagnose this condition, but the large number of 
similar and secondary deformities which have been improperly introduced into 
the various bibliographies belies that ease It is quite possible that fracture, 
dislocation, arthritis deformans, osseous dystrophies, tumor formation, etc , 
might produce the bayonet-shaped deformity itself, but a careful history should 
elicit the spontaneous, idiopathic onset of the disease during the secondary 
growth period, its progressive nature giving an early clue to the diagnosis A 
complete physical examination will reveal an absence of rickets and other gen- 
eral, or local, disturbances A roentgenologic examination of the lesion would 
seem necessary to rule out a “symptomatic” form, and would definitely con- 
firm the diagnosis beyond a doubt 

Those authors who have reviewed the literature extensively are almost 
unanimous in expressing a plea to separate the genuine Madelung’s deformity 
from a “pseudo ,” 41 “spurious ,” 153 “symptomatic ,” 23 “simulating ,” 70 “atypi- 
cal ” 228 or “similar conditions ,” 34 and other unrelated types of deformity of the 
wrist which have masqueraded into the literature of the true variety Several 
authors, in deploring this hegira from specificity, have attempted to correct 
it by adding still more to an already overburdened nomenclature Zeitbn 239 
suggests “Madelung’s disease” (morbus Madelung), but Madelung has alieady 
given his name to a disease characterized by a diffuse symmetrical limpomatosis, 
or deposit of fatty tissue, on the upper part of the back, shoulders and neck 
Burrows 34 suggests “Madelung’s syndrome,” but a deformity is not, strictly 
speaking, a “syndrome,” and it has all the faults of eponymous nomenclature 
In condemnation of the pernicious custom of applying a person’s name 
to a pathologic condition or operation, often undeservedly, we would suggest 
that Madelung’s name be dropped Sir Jonathan Hutchinson 110 has remarked 
“So in pathology we have to contend against the tendency to substitute a name, 
or a definition, for the perception of an essential nature As it is easier for us 
to worship a name, or even a book, rather than to conceive of a nonmateriai 
power, so we more readily become accustomed to content ourselves with 
some euphonious name for a disease, rather than to acquire the habit of con- 
stantly trying to realize its nature and its relation to possible causes ” 

The Standard Classified Nomenclature of Disease 210 has a system of 
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nomenclature based on both a topogiaphic and an etiologic factoi Following 
their method of classification, Madelung’s defoinuty would be indexed 23132- 
077 (that is distal radial epiphysis — dyschondroplasia of) and we therefore, 
suggest calling the deformity “Dyschondioplasia of the Distal Radial 
Epiphysis ” 

Several wnteis, with whom we are inclined to agree, place this deformity 
among the better known, but equally cryptogenic, group of conditions which 
includes Perthe-Calve-Legg’s, Osgood-Schlater’s, Kohler’s, and Kemboch’s 
diseases We suggest that these diseases be classified under the head of 
dyschondroplasias, and that they be renamed, as, for example, dyschondroplasia 
of the caput femoris instead of Perthe’s disease, or scaphoid dyschondroplasia 
instead of Kohler’s disease, etc 

Berg 16 and Ewald, 79 among others, challenge the right of Madelung’s 
deformity to be considered a clinical entity, and advance the opinion that the 
defoimity is meiely the sign of some undei lying pathology — such as tickets, 
lues, osteitis deformans, etc 

Classifications of Madelung’s defoimity have alieady been advanced by 
Abadie, 1 Barthes, 9 Depage, 64 Gasne 93 and Stetten 221 It would seem advan- 
tageous, considering the present state of the literature, to formulate a classifi- 
cation that will include all the various types of the deformity, including the 
secondary static types The following classification is, therefore, presented 

A Presenting Radial Deformity 

(1) With anterior bowing of the ladius 

(a) Radial dyschondroplasia (genuine Madelung’s deformity) 

(b) Secondary static deformity Traumatic, 70 237 luetic, 76 in- 
flammatory , 64 ’ 21 tuberculous , 38 osteitis , 233 193 rickets, 91 etc 

(2) With posterior bowing of the radius 

(a) Radial dyschondroplasia (“reverse” Madelung’s deformity) 

(b) Secondary static deformity 150 

(3) Without bowing 

(a) Radial dyschondroplasia 57 102 

(b) Secondary static defoimity 

B Presenting Ulnar Deformity 

(a) Ulnar dyschondroplasia 238 

(b) Secondary static defoimity 102 

Prognosis and Treatment — Pam may be piesent as long as the pathology 
progresses, but ceases when growth is arrested at the wiist, usually before 
the age of 25 The patient may then be educated m the better use of the 
deformed wrist 

Treatment at least up until the cessation of giowth, should be palliative 
and consists in resting the part This may be effected by splints, braces, or a 
plaster encasement, but these measuies will not coriect the deformity, nor 
will they prove effective in halting the pi ogress of the disease Tenotomy of 
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the flexoi tendons of the foieann is unjustifiable, and the mere lemoval of 
the distal end of the ulna is also condemned 

Osteotomy of the radius foi the coirection of the deformity lias proven 
so effective, m competent hands, that it may be recommended routinely, just 
as one would m a case of badly bowed legs, malumted fiacture, etc In 1885, 
Duplay 71 tried a transverse linear osteotomy, in 1904, an oblique type was 
advocated by Poulsen 178 Although these operations may suffice for mild 
torms of the deformity, most cases may necessitate a cuneiform osteotomy 
The curve m the lowei end of the radius is coriected, and a plaster encase- 
ment is applied, with the hand put up 111 extension and abduction Springer, 218 
advises that the hand be forced, if necessary, into supination (depronation) 
In ordei to hold the fiagments more secuiely, Taylor 22 '* msei ted a metal 
plate 

When the ulna is maikedly longei than the ladius aftei the osteotomy, its 
projecting end must be resected in oidei to obtain a perfect functional result 
Howevei, since an osteotomy is liable to shorten an already stunted radius, 
Burrows 34 has devised an mgenms procedure whei ein the 1 esected head of the 
ulna is shaped and mseited as a bone graft, 01 peg, between the fragments 
of a linear osteotomy, thereby tending to conserve, or at times elongate, the 
length of the radius The postoperative care is the same as for any osteotomy 

SUMMARY 

(1) A typical case of Madelung’s defoimity is piesented, the twenty-first 
to be reported from this country 

(2) The literatuie on this subject has been reviewed, and is found to 
be maccuiate, incomplete and is leplete with leports of cases that are not 
genuine An attempt has been made to conect these errors and to properly 
correlate the history of this condition 

(3) A tabulation of 171 authentic cases has been compiled 

(4) We advocate the substitution of the term “Dyschondroplasia of the 
Distal Radial Epiphysis” in place of “Madelung’s deformity,” since the latter 
term is not specific 

(5) A classification of the vanous types of the deformity has been 
formulated 

The appreciation of the authors is gratefullj expressed to Dr John E Jennings for 
his invaluable assistance and continued interest in the preparation of this communication 
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et Radius Cur\us Rcauc d Orthop , 7, 153-170, 241-260, 1906 (No case reports) 
M Gaudier, H Deformation rachitique symetrique des deux poignets par radius curvus 
Rcauc d Orthopedic, 10, 263-266, 1909 (1 case) 

' Gaugele, Karl Madelung schen Handgelenks Deformitat Archiv fur Klimsche Chir- 
urgie, 88, 1058-1075, 1909 (Cases 1 and 2, no boAving of radius Case 3, ref 98 ) 
"Gaugele Karl Gibt es cine genuine Madelung sclie Handgelenks Deformitat ? Zeit- 
schnft fur Orthop Clururgie, 24, 462-479, 1909 (4 cases, 3 are accepted, the 

fourth A\as rachitic ) 

l " Gazzotti, L G Contributo al trattamento della defoimita di Madelung La Chirurgia 
degh Orgam di MoAimcnto, x6, 263-273, July, 1931 (1 case) 

lr " Gen de Chastenet et Colombicr Deux cas de Radius Curvus Bull et Mem de la 
Socicte d’Anatomic de Paris, 17, 370-376, 1920 (2 cases, AVith dissection of Case 1 ) 

10l GeAaert, G U11 cas de subluxation du poignet de Madelung Revue d'Orthopedie, 
2nd series, 3, 335-342, 1902 (1 case) 

’"’Gickler, H Wachstumsstorung dcr Radiusepiphy se und Madelung’sche Deformitat 
Archiv fur Orthop und Unfall Clururgie, 33, 312-318, 1933 (4 cases of dyschon- 

droplasia of the inferior radial epiphysis, but with no boAving of radius ) 

, 01 Greig, D M Congenital Dislocation of the Ulna Edinburgh Medical Journal, 31, 
3 / 3 - 39 t, July, 1924 (1 case) 

101 Guepm, A Laxite congemtale de l’articulation radio-cubital mferieure et subluxation 
consecutive de la tete du cubitus en arriere Comptes rendus hebdonnadaires des 
seances et memoircs dc la Soc de Biologic, 44, 627-631, 1892 (2 cases AVith a 

history of similar deformity' in 14 members of the family' ) 

10 'Guery, A Un cas de luxation progressive du poignet (Subluxation spontanee de 
Madelung) Revue d’Orthopedie, 9 277-282, 1898 (1 case) 

'"°Guye Observation d’un cas de maladie de Dupuytren-Madelung bilaterale Revue 
Medicale de la Suisse Romane, 39, 191-192, April, 1919 (1 case) 

vr Hoffa, Albert Lehrbuch der Orthopadischen Chirurgie, rst Edit, 4S6-4S8, 1891, 5th 
Edit, 510-51 1, 1905 (Text, no case report) 

10S Holt, C Emmet The Diseases of Infancy and Childhood 4th Edit , 268, 1908 
w ' Homuth, Otto Die Madelung’sche Deformitat in lhrer Beziehung zur Rachitis Beitrage 
zur Klimschen Chirurgie, 74, 562-584, 1911 (Case of generalized rickets ) 

1,0 Hutchinson, Sir Jonathan Some General Remarks on the Series of Cases and on the 
Employment of Names (Archives of Surgery, London, 9, 26-27, 1898 

111 Ianm, Raffaele Radius Curvus , Deformita di Madelung-Duplay Annali Italiana di 
Chirurgia, 3, 40-61, 1924 (x case ) 
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113 Ingber, E Bilateral Madelung Deformity and True Asymptomatic Sacralization of 
the fifth Lumbar Metamere, Roentgen Study of a Case Quaderm Radiologia, 5, 
2 5i- 2 5 7, 1934 (1 case, not obtainable) 

113 Jacoulet, F Un cas de maladie de Dupuytren-Madelung Revue d’Orthopedie, x, 
35-42, 1910 (1 case) 

m Jagot, C Sur une vice hereditaire de conformation des deux poignets Archives Med 
d’ Anglers, 1, 159-170, 1897 (1 case) 

110 Jean, A Double luxation congenitale complete du cubitus et incomplete du radius 

sur les os du carpe Bull de la Soc Anat de Paris, io, 398-400, 1875 (1 case, 

dissected ) 

Jones, S Fosdick Bilateral Congenital Dislocation of the Lower End of the Ulna 
American Journal of Orthopedic Surgery, 9, 199, November, 1911 (1 case) 

33 "Josa, Laszlo A csuklo Madelung-fele deformitasanak egy esete Orvosi Hetilap, 
70, 1321-1324, 1926 (1 case) 

1,8 Jouon, E Deformation de l’avant-bras par arrete developpement de l’extremite 
inferieure du cubitus, de cause inconnue Revue d’Orthopedie, 6, 81-84, 1905 (Case 
of ulnar dyschondroplasia with deformity 01 the radius ) 

118 Kajon, Cesar Madelung’sche Deformitat konbimert mit Halsnppen Wien med 
Wochenschrift, 84, 460-462, April 21, 1934 (1 case with cervical ribs) 

in ° Kieffer, Charles F Congenital Dislocation of Both Ulnae at the Wrists Annals 

of Surgery, 38, 119, 1903 (1 case) 

1=1 Kassowitz, M Die Ursache der Gelenkschlaffheit der Rhachitis Centralblatt fur 
Chirurgie, g, 385-390, 1882 (This much quoted article presents no cases nor men- 
tions Madelung’s deformity ) 

113 Kirmisson, E Subluxation progressive du poignet Les deformites acquises de l’ap- 
pareil locomoteur pendant l’enfance et l’adolescence Masson et Cie, Paris, 363-375, 
1902 (1 case ) 

155 Kolliker, Th Die Dupuytren’sche und Madelung’sche Deformitat des Handgelenkes 
Joachimstahl’s Handbuch der Orthopadischen Chirurgie, 2, 34-37, 1907 (Text, 
no case report ) 

151 Kun, Etienne Contribution a l’etude de la Maladie de Madelung These de Paris, 
1933. 23 (Case 1, traumatic, Case 2, Madelung, Case 3, generalized rickets) 
m Landivar, Adolfo F y Iparraguirre, and Cesar, A Leom Radius Curvus bilateral 
de comienzo tardio Bol y Trab de la Soc de Cir de Boenos Aires, 20, n6o~ 
xi68, November, 1936 (1 case) 

330 Laurence, Joseph La Maladie de Dupuytren-Madelung Revue Generale de Clinique 
et de Therapeutique, et Journal des Practiciens, 37, 75, 1923 (Discussion ) 
337 Leclerc Radius Curvus Bulletin de la Societe de Chirurgie de Lyon, 8, 115-120, 
1905 (Same case as Albertin and Leclerc 5 ) 

138 Lenormant, Ch Un noveau cas de radius curvus Revue d’Orthopedie, 7, 1-10, 
1907 (1 case ) 

138 Leriche, R Sur un cas de Maladie de Madelung bilaterale Par lesion du cartilage 
de conjugaison radiale Revue d’Orthopedie, 10, 495-500, 1909 (1 case) 

330 Lesauvage, de Caen Memoire theorique et pratique sur les luxations dites spontanees 
ou consecutives et en particular sur celles du femur Archives Generales de Medi- 
cine, 9, 257-284, November, 1835 (Case 1, on page 260, is a pathologic dislocation ) 
333 Levy, Richard Uber Madelung’sche Handgelenksdeformitat Berliner Klmische Woch- 
enschrift, A5, 2213-2216, 1908 (Case of rickets ) 

333 Levyn, L Madelung’s Deformity, A Report of Two Cases, Constituting the Fifth 
and Sixth American Cases Radiology, 3, 145-149, August, 1924 (2 cases ) 

333 Llado, Antonio Cortes, y Gallardo, Louis Salvador Estudio de la anatomia y patogema 
de un caso de deformidad de Madelung Revista Medica de Barcelona, 4, 251-274- 
September, 1925 (1 case) 
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I!t MacLennan, Alex Report of a Case of Madelung’s Deformity British Medical Journal, 
2, 759-760, 1909 ( 1 case ) 

1 r Madelung Die spontane Subluxation der Hand nach vorne Verhandlungen der 
Deutschen Gesellschaft fur Klmische Chirurgie, 23, 395-412, 1879 (5 cases ) 

111 Magnus, Georg Uber Madelung’sche Deformitat Medicmische Klinik Berlin, 8, 
2069-2070, 1912 (1 case) 

""Malfuson, Daniel Deformation du poignet d’origme probablement rachitique These 
de Paris, July 28, 1894 (2 cases ) 

" <l Malgaigne, J F Traite des fractures et des Luxations Pans, 2, 711-712, 1855 
( 1 case ) 

Marsan, Felix Sur un noveau cas de maladie de Madelung Archives Generates de 
Chirurgie, 2, 472-482, November, 1908 (1 case) 

""Marsan, Felix La Maladie de Madelung (Radius Curvus) Gazette des Hopitaux, 
81, 1671-1679, 1909 (No new reports, but an excellent discussion and bibliography 
up to 1909 ) 

" l Masmonteil, Fernand A propos de la pathogenie de la maladie de Madelung (Radius 
Bievior) Gazette des Hopitaux, 93, 101-103, 1920 (Traumatic deformity) 

" J Masmonteil, Fernand Toujours a propos de la pathogenie de la maladie de Madelung 
Lyon Clnrurgical, 18, 35 I ~355, (1 case) 

111 Massabuau, Soulas et Nichet La Maladie de Madelung Archives de la Soc Med 
et Biol de Montnelher, 15, 191-195, May, 1934 (1 case ) 

" 4 Matlueu, Ch , et Joseph, V Radius Curvus Bilateral Societe Med de Nancy, May 
24, 1022, Revue Medicale de Test, 1, 586, 1922 (Same case ref 145) 

"" Matlueu, Ch , et Joseph, V A propos d’un cas de Maladie de Dupuytren-Madelung 
bilaterale Revue Medicale de Test, i, 691-701, 1922 (2 cases ) 

"" Mauclatre Discussion on Finzi’s 85 paper, Seventeenth International Congress of 
Medicine, London, 1913, 7, Part 2, Orthopedics, p 344 
"'Mauclane Trois observations de subluxation progressive du poignet Comptes rendus 
de la Soc de Clur de Pans, February 9, 1916, Bulletins et Memoires de la Societe 
de Chiruigie de Paris, 42, 344, 1916 (3 cases ) 

m Mauclaire A propos du radius curvus Societe de Chirurgie de Pans, February 11, 
1925, Presse Medicale, 33, 223, 1925 (Brief mention of the 3 cases reported 
above u ~) 

""Mauclane et Labadie-Lagrave Un cas de Maladie de Madelung Bull et Mem de 
la Soc de Chirurgie de Pans, 35, 695-596, 1906 (1 case ) 

Mazzim, Osvaldo, F Enfermedad de Madelung La Semina Medica de Buenos 
Aires 32, 626-639, 1925 (r case) 

Melchior, Edouard Uber die Kombination von symmetrischen Madelung’scher Hand- 
gelenksdefornutat nut doppelseitiger metakarpaler Brachydaktjdie Zeitschnft fur 
Orthopadische Chirurgie, 30, 532-537, 1912 (1 case) 

,rj Melchior, Edouard Die Madelung’sche Deformitat des Handgelenks Ergebnisse der 
Chnurgie und Orthopadie, 6, 649-680, 1913 (Discussion) 

’"’Merlini, A La deformita di Madelung La Chirurgia degli Orgam di Movimento, 
9, 245-268, March, 1925 (Case 1 — Madelung, Case 2 — traumatic) 

>r| Mooie, B H Radius Curvus, Madelung’s Wrist Journal of Bone and Joint Surgery, 
6, 568-574, August, 1924 (2 cases ) 

185 Muller, W Madelung’scher Deformitat des Handgelenkes Zentralblatt fur Chirurgie, 
34. 1 333~i334, 1-907 (Same case as Franke, 87 qv ) 

,rc Natvig, Reinhardt Madelung’s Haanddeformitet Tidssknft for dem norske Laege- 
foienmg, 25, 535-555, 1905 (1 case) 

ir "Ne!aton, A Luxations du Poignet Elemens de pathologie chirurgicale, Paris 1847- 
1848, 2, 405-412 (Description too vague for acceptance ) 
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J “ Nelaton, Ch Luxations Radio-carpiens Traite de Chirurgie, de Duplay et Reclus, 
3, 121-125, 1897 (1 case, described on pages 124-125, is a dissected specimen) 

109 Nove-Josserand, G La maladie de Dupuytren-Madelung Seventeenth International 
Congress of Medicine, London, 1913, 7, Part 1, Orthopedics, 206-208 (Brief dis- 
cussion , no case report ) 

1W Ollier, L Traite experimental et clinique de la regeneration des os et de la produc- 
tion artificielle du tissu osseux Paris, 1877, l > 4 02 (Basis for Dalbera’s 33 work on 
Ollier’s Law ) 

101 Ollier, L Traite des Resections, 1, 408, 1885 (Curved radius due to resection of 
cartilage) , 2, 441, 1889 (Deformity secondary to osteitis of the lower end of the 
radius ) 

101 Painter, Chas F Congenital Dislocation of the Carpus Bryant and Buck’s American 
Practice of Surgery, 4, 742-746, 1908 (Description meager, apparently an ulnar 
deformity ) 

101 Palazzi, G Contribute alia cura operatoria della Deformita di Madelung La Clinica 
Chirurgica, 12, 805-814, 1909 (1 case) 

101 Parlces, William R Madelung’s Deformity of the Wrist Illinois Medical Journal, 
27, 286-288, April, 1915 (1 case) 

Peckham, Frank E Report of a Case of Congenital Deformity of the Wrist Joints 
American Journal of Orthopedic Surgery, 4, 388-389, 1907 (1 case) 

1M Peckham, Frank E , and Hammond, Roland Madelung’s Deformity Boston Medical 
and Surgical Journal, 160, 447-448, April 8, 1909 (1 case, Case 3 acceptable, 

Case 4 too vague ) 

1<r Pedrazzi, Carlo Deformita di Madelung famigliare La Radiologia Medica, 14, 125- 
132, February, 1927 (2 cases ) 

Pels-Leusden Madelung’sche Deformitat der Hand Freie Vereinigung der Chirurgen 
Berlins Zentralblatt fur Chirurgie, 34, 190, 1907 (1 case) 

100 Pels-Leusden IJber die Madelung’sche Deformitat der Hand Deutsche Med Wochen , 
33. 372-374, 1907 ( 1 case ) 

l "° Perrin Exostoses osteogeniques multiples accompanees d’arrets de developpement et 
de deformations du squellete Revue d'Orthopedie, 5, 53-82, 1914 (Deformities 
due to exostoses ) 

in Pilatte, Rene Contribution a l’etude du radius curvus These de Paris, 134, 1919 
(3 cases ) 

1 3 Pilatte, Rene Sur la pathogeme du radius curvus Revue d’Orthopedie, 8, 223-224, 
1921 (Discussion ) 

1-3 Piollet Un cas de radius curvus Bulletin de la Societe de Chirurgie de Lyon, 9, 
274-277, July 5, 1906 (1 case) Lyon Med, 107, 799, 1906 (Same case) 

1 "‘ Poncet, Antonin, et Leriche Rene Tuberculose lnflammatoire et rachitisme tardif 
Bull de l’Acad de Medecine, 58, 214-221, 1907 (Deformities secondary to tuber- 
culosis ) 

Poncet, Antonin ct Leriche Rene La Maladie de Madelung Ses modalities, sa 
pathogeme Gazette des Hopitaux, 82, 187-191, Februari 9, 1909 (Discussion of 
deformiL , cases as reported above 1 ’ 4 ) 

1 "Poole}, J H Congenital Dislocation of the Wrists The American Practitioner of 
Medicine, 21, 216-220, 1880 (1 case ) 

""’Poucel Carpus Cun us Seance de la Societe de Chirurgie de Marseille, November, 
1929 La Presse Medicale, 38, 24, 1929 (Description too meager for acceptance ) 

1 ~ a Poulsen, Kr Uber die Madelung’sche Deformitat der Hand Wchiv fur Klinische 
Chirurgie, 75, 506-532, 1905 (2 cases ) 

I ' a Putti, Vittorio La deformita di Madelung Archnes Internationales de Chirurgie, 
3, 64-98, 1906 (1 case) 

130 Putti, Vittorio Sulla deformita di Madelung Communicaziom V Congresso della 
Societa Ortopedica Itahana, Archivios di Ortopedia, 25, 469, 1908 (Discussion ) 
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181 Putti Sur la malformation de Madelung Revue d’Orthopedie, io, 207-220, 1909 

(r case, museum specimen ) 

182 Quadrone, Carlo Contribution a 1’etude de la Maladie de Madelung (Subluxation spon- 

tanee de poignet) Nouvelle Iconographie de la Salpetnere Pans, 24, 71 1911 
(1 case ) 

183 Quarenghi, F M Contribute alio studio della cost delta Malattia di Madelung 

Pensiero Med, Milano, 13, 57, 1918 (Not obtainable ) 
l8 ‘Raconski, F E Madelung’sche Deformitat, Cas Soplek Cesk, 14, 125, July 15, 
1927 (Apparentl) a traumatic case Not obtainable ) 

183 Ramos, Alvaro A proposito de dois casos legitimos da deformaqao de Madelung 
Archives Brasileiros de Medicina, 1, 1, 1911 (Case 1, Madelung, Case 2, rickets) 
1M Redard, P Sur un deformation rare du poignet Archives Generales de Medicine, 
30, 651-667, 1892 (1 case) 

“’Redard, P Difformite Congemtale rare des ai ant-bras Synostoses radio-cubitales 
Radius Curvus Revue d’Orthopedie, 9, 113-119, 1908 (Elbow deformitj due 
to synostoses ) 

163 Reich Cited by Beder, Rocher, Cserej -Pechan} , Claiborne and Dimitriu (We have 
been unable to find the articles under any of the references quoted ) 
l83 Ricq Pathogenie du radius curvus These de Lyon, 1908 (Not obtainable) 
im Robert, Cesar Alphonse Des vices congemtaux de conformation des articulations 
These au concours, 1851 (Not obtainable ) 
m Robinson De la carpo-cyphose Gazette des Hopitaux, 81, 1781, 1908 (No new case 
report ) 

192 Robinson, R, et Jacoulet, F La luxation congemtale de l’extremite mferieure du 

cubitus Archives Generales de Chirurgie, 3, 1-30, 1909 (2 cases , Case 2 dissected ) 

193 Rocher, H L Radius curvus symptomatique d’une osteite fibreuse de la moitie 

mferieure du radius droit Gazette Medicale de France, 10, 437-439, Maj 15, 

1935 (This is not a true Madelung's deformity, but secondary to osteitis ) 

191 Rocher, H L A propos de notre septieme obseriation de Maladie de Madelung, 
Dyschondroplasie radio-cubitale mferieure par hemiairophie epiphjsaire radiale 
interne Journal de Medicine de Bordeaux, 114, 513-518, April 17, 1937 (1 case ) 
103 Rocher, H L Maladie de Madelung Traite de Chirurgie Orthopedique, de Ombre- 
danne et Mathieu, Pans, 1937, 3, 28485-28489 (Reference book description and 
discussion ) 

106 Rocher, H L , et Canton, J Pathogenie de la difformite de Madelung Journal Med 
de Bordeaux, 112, 676-678, September, 1935 (Discussion, no new case) 
lir Rocher, H L, et Rocher, Christian La Maladie de Madelung, Dyschondroplasie 
Radio-cubitale Infeneure Conditionnee Essentiellement par 1’Hemiatrophie Epiphy- 
saire Radiale Chirurgia degh Organi di Movimento, 20, 20-30, 1934 (1 case, 

Case 2 described previously ) 

103 Rocher, H L, et Roudil, G Dysmorphose congemtale bilaterale des poignets par 
hemiatrophie epiphysaire radiale La Presse Medicale, 38, 1089-1090, August 13, 
1930 (1 case ) 

JOT Roederer, C Un cas de maladie de Madelung larvee Bull et Mem de la Soc de 
Chir de Paris, 20, 235-237, March 16, 1928 (1 case, Case 2 too brief for accep- 

tance ) 

200 Roget, Eugene Etude sur le radius curvus These de Ljon, 121, April 26, 1899 (* 

case ) 

^ Roos, E Uber spate Rachitis Zeitschrift fur Kbmsche Medizin, 48, 120-144, 1903 
203 Roudil, G Drevon, et Mourgues Djsmorphose congemtale bilaterale des poignets 
(Maladie de Madelung) Journal de Radiologie et d’Electrol , 20, 241-245, April, 

1936 (x case ) 

m Sahsachs, Louis Gubern Contribution al estudio de la deformidad de Madelung 
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Revista Medica de Barcelona, 20, 105-137, August, 1933 (Case x, fractme, Case 2, 
rickets , Cases 3, 4 and 5 acceptable ) 

204 Sauer, F Die Madelung’sche Deformitat des Handgelenkes Beitrage zur Klin 

Chir , 48, 179-203, 1906 (3 cases ) 

205 Savariaud Maladie de Madelung-Duplay ou subluxation progressive et spontanee du 

poignet par radius curvus chez une jeune fille attiente d’osteite specifique La Presse 
Medicale, 21, 592, 1913 (Case not accepted due to too meager description ) 

200 Schade, A Kasuistischen Beitrage zu den Luxationen 1m Handgelenke auf Grund 
pathologischer Zustande Inaugural Thesis at Kiel, 1906 (1 case ) 

207 Schnek, Fritz Die operative Besserung der echten und der sogenannten symptoma- 
tischen Madelung’schen Deformitat Zeitschrift fur Orthopadische Chirurgie, 1, 
320-329, October 14, 1928 (Case 1, Madelung’s deformitv, Case 2, osteomyelitis, 
Case 3, Madelung’s deformity ) 

303 Schnek, Fritz Federne dorsalluxation de Elle Konsulenradius Madelung’sche De- 
formitat Zeitschrift fur Orthopadische Chirurgie, 52, 101-110, May 2, 1930 (Dis- 
cussion ) 

209 Schulze, PI Ein Fall von spontaner subluxation der Hand nach unten (Dupuytren- 

Madelung’ scher Subluxation) Munchner Medizimsche Wochenschrift, 52, 1441- 
1443, 1905 (1 case) 

210 Scoutetten Luxations du poignet Bulletin de l’Academie Royale de Medicine, 6, 

796-804, 1840 (Lecture on traumatic and occupational dislocations and fractures 
at the wrist ) 

211 Siegmund, Erwin Isolierte volare luxation des Ulnakopfchens Zentralblatt fur Chir- 

urgie, 55, 1742-1745, 1928 (This case is too doubtful for inclusion as genuine ) 

212 Siegnst, Hans Uber Manus valga oder sogennante Madelung’sche Deformitat des 

Handgelenks Deutsche Zeitschrift fur Chirurgie, 91, 524-586, 1908 (3 cases ) 

213 Smith, Robert William Treatise on Fractures in the Vicinity of Joints and on Certain 

Forms of Accidental and Congenital Dislocations New York & Dublin, 1854, 
Chapter vn, 238-255 (Describes Cruvelhier’s 40 case and one of his own Both are 
secondary deformities ) 

214 Solberg, M To tilfaulde af Madelungs haanddeformitet Tidsskrift for den norske 

Laegeforemng, 24, 195-196, 1906 (2 cases ) 

215 Sorrel, M Radius curvus Opere La Presse Medicale, 33, 189-190, February u, 

1925 (Description too meager for acceptance as a genuine case of Madelung’s 
deformity ) 

210 Springer, Carl Zur Kenntnis der Madelung’schen Deformitat des Handgelenkes 
Zeitschrift fur Orthopadische Chirurgie, 29, 216-251, 1911 (Case 1, osteomyelitis, 
Cases 2, 3 and a, Madelung’s deformity ) 

21 ' Springer, Carl Zur Entstehung der Madelung’schen Handgelenksdeformitat Ver- 
handlungen der Deutschen Gesellschaft fur Orthopadische Chirurgie, 10, 212-219, 
1911 (Discussion) 

213 Springer, Carl Zur Operation der Madelung Deformitat (Korrektur der Gabelhand 
durch Osteotomie und Supination Depronation ) Zeitschrift fur Orthop Chir , 33. 
590-601, 1913 (Operative description ) 

212 Standard Classified Nomenclature of Disease 2nd Edit , New York, 1935 Also see 
JAMA, no, 509-511, February 12, 1928 

220 Stetten, DeWitt Zur Frage der sogenannten Madelung’schen Deformitat des Hand- 

gelenkes mit besonderer Rucksicht auf erne umgekehrte Form derselben Zentral- 
blatt fur Chirurgie, 35, 949-952, 1908 (1 case ) 

221 Stetten, DeWitt Idiopathic Progressive Curvature of the Radius or So-called Made- 

lung’s Deformity of the Wrist (Carpus Varus and Carpus Valgus) Journal of 
Surgery, Grnecologv and Obstetrics, 8, 4-31, January, 1909 (Same case as reported 
above 22J ) 
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" ' Stiecla, A Verem fur wissentschafthche Heilkunde m IConigsberg Deutsche medi- 
zmische Wochenschrift, 30, 989-990, 1907 (1 case) 

■*' Stokes, A C Spontaneous Forward Dislocation of the Wrist Joint (Madelung’s 
Dcfoimity) Annals of Surgery, 52, 229-238, 1910 (2 cases) 

■■‘Tanciedi, G Sulla deformita di Madelung (Contnbuto alia cura chirurgica) Bulle- 
tmo e atti della Reale Accademia di Roma, 57, 153-158, June, 1931 (1 case) 

“’Tajloi, H L Progressive Curvature of the Radius (Madelung’s Deformity) Cor- 
lected by Osteotomy Medical Record, 82, 752-755, October, 1912 (2 cases ) 

Tilliei, Robert Sur la Pathogeme du Radius Curvus Ljon Chirurgical, 17, 739-743, 
1920 (Discussion, no case report) 

~~ 7 1 ollas, Helmut Zur Atiologie der Madelung’schen Knochenerkrankung an der Hand 
ernes selbstbeobachteten Falles Archiv fur Kinderheilkunde, 82 112-114, September, 
1927 (1 case ) 

- 8 Tomesui, Ion Em Fall einer atypischen Madelung’schen Handgelenksdeformitat 
Foitschrift a dem Geb d Roentgenstrahlen, 36, 627-629, September, 1927 (Not 
a ti ue deformity ) 

“"] lillnuch Beitrag zur Madelung'schen Deformitat Zeitschnft fur Orthopadische 
Chnuigie, 31, 69-80, 1913 (Case x, rickets, Case 2, vague) 

Juppier, Leon Supposed to have inspired the thesis of Felix 81 Although frequently 
cited, no pertinent article is found of his own 
* 1 Vianna, Barboza Doenqa de Madelung Folha Med, 12, 241-251, July 25, 1931 
( 1 case ) 

“‘“Vidal, Carlosa Sub-luxaqao de Madelung-Duplay (carpus curvus) Lisboa Medica, 
6, 219-239, April, 1929 (2 cases, Cases 1 and 2 are genuine, Case 3 is traumatic ) 

■ u Vigyazogy Madelung’s Deformity of the Hand Orovsi Hetilap, Budapest, 47, 450- 
474, 1913 (Not obtainable ) 

■“ Vollcmann, Th Uber Madelung’sche Subluxation nach vorne Inaugural Disserta- 
tion, Leipzig, 1905 (2 cases ) 

r Webei Carl Otto Chirurgie Erfahrungen und Untersuchungen nebst zahlreichen 
Boebachtungen aus der chirurgischen Klinik und dem Evangelischen Krankenhause 
zu Bonn Berlin, 1859, 232 (Case later operated upon by Busch 35 ) 

“°Weiy Deux cas de Maladie de Madelung Bruxelles Medicales, 2, 45-46, 1921 (2 

cases ) 

" ,T Wittek Zwei seltene Verletzungen 1m Bereiche der Handwurzel Archiv fur Ortho- 
padische Mechanotherapie, und Unfall Chirurgie, I, 101-107, 1903 (Cases of 
fi acture ) 

-■w Wright, Louis T , and Kaufman, Justus Unusual Type of Madelung-like Deformity 
American Journal of Surgery, 34, 365-368, 1936 (This is an ulnar dyschondroplasia 
not ladial ) 

=J ’Zeitlin, A Morbus Madelung oder Madelung’sche Deformitat Zentralblatt fur Chir- 
urgie, 57, 929-932, April 12, 1930 (No case report ) 
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INTRACAPSULAR FRACTURES OF THE NECK OF THE FEMUR + 

A STUDY OF ONE HUNDRED NINETY CASES 

Preston A Wade, MD 
New York, N Y 

FROM THF DEPARTMENT OF SUHGLR\ OF THE NEW YORK HOSPITAL \ND CORNELL MEDICAI COLLECE 4ND THL bM-OND 
SURGICAL SLR\ ICE OF ST \INCENT S HOSPITAL, NEW YORK N Y 

Evaluation of any method of treatment of mtracapsular fractures of the 
femoral neck is exceedingly difficult because of the varied and contradictory 
reports of end-results found m the literature 

For the past 20 years the Whitman 1 abduction treatment has been the 
most popular and widely employed method for the tieatment of fractures of 
the hip Although other methods, including open operation, have been used 
in a few clinics, it was not until 1931, when Smith-Petersen 2 presented his 
work on internal fixation, that opeiative procedures became widely utilized 
This widespiead acceptance of a new surgical approach to the problem would 
indicate that the closed methods previously used had proved unsatisfactory 

In 1930, a commission appointed by the Amencan Oithopedic Association 3 
investigated the end-iesults of the Whitman method of treatment of mtra- 
capsular fiactures, and in a careful study of 210 cases, throughout the country, 
found that osseous union was obtained in 53 8 per cent of the cases In 1934, 
McAusland 4 leported a senes of 60 cases tieated by the Whitman method 
in which 58 3 per cent obtained bony union In the same year Henderson'’ 
reported that 66 6 pet cent of a series of 36 cases ti eated by the Whitman 
method resulted in bony union Howaid and Christophe, 6 in 1934, reported 
70 per cent bony union in 43 cases tieated by the Whitman method As late 
as 1936, Whitman 7 stated that the lowest peicentage of bony union leported 
m the series of cases tieated by his method was 58 and the highest 90 In the 
same yeai Mensor and Dewey 8 repoited 50 cases admitted to the Languna 
Honda Home, in which nonunion lesulted in every case Only five of these 
cases received primary treatment in this hospital In 1937, Kleinberg reported 
a series of 12 cases, tieated by a modification of the Whitman method, in which 
ten, or 83 per cent, weie firmly united within two to three months 

In an attempt to deteimine the reasons foi this wide discrepancy, we find 
several factors which influence the interpretation of the end-iesults 

(1) The Length of Follow-Up — Since healing is admittedly slow, and late 
complications often result, reports based upon a follow-up of two or three 
months aie not compaiable to reports of cases followed for one or two years 

(2) Differentiation as to Location and Type of Fractuie — Campbell 0 has 
pointed out the failuie of many authois to differentiate clearly between inter- 
trochanteric and mtracapsular fractures, and between impacted and unimpacted 

* Read before the New York Surgical Society, Januarj 12, 1938 Submitted for 
publication December 16, 1937 
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mtracapsular fractures He 10 has shown that more than 50 per cent of all 
fractures of the hip are intertrochanteric or impacted Failure to recognize 
the variation m prognosis in these various groups leads to confusion in com- 
paring end-results Magnuson 11 and Smith-Petersen 10 have also emphasized 
the fact that subcapital fractures, impacted in a valgus position, invariably unite 
irrespective of the method of treatment employed 

(3) Differentiation Between Recent and Old Fractures — A report based 
upon all fractures admitted to a large hospital, regardless of where the pri- 
mary treatment was received, will of couise include many unumted fractures 
transferred from other institutions or admitted for a reconsti uction operation, 
and will, therefore, result in a high percentage of nonunion 

(4) Statistical Variations — It is obvious that statistical reports will vary 
with the author’s choice of cases In comparing end-result statistics it is neces- 
sary to know whethei the percentage is computed from all cases, including 
unknown and fatal cases, or from only living, followed-up patients 

In an attempt to determine the results of closed methods of treatment of 
mtracapsular fractures admitted to two hospitals, a study was made of 190 
consecutive cases from the New York Hospital over a 20 year period (1915- 
1935), and from the St Vincent’s Hospital over a ten-year period (1925- 
I 935) Although 190 patients tvere admitted to these hospitals during the 
years mentioned, 34 of them were admitted one month or longer after injury, 
having had previous treatment Some were admitted for reconstruction opera- 
tions for nonunion or were treated for some other unassociated illness 

In estimating end-results of the closed methods of treatment, only those 
cases that received primary treatment in the above hospitals are included 
No cases of intertrochanteric fracture are included in this report The patients 
were treated by 31 surgeons 


Table I 

SEX AND AGE INCIDENCE IN I 9 O CASES OF 
INTRACAPSULAR FRACTURES OF NECK OF FEMUR 

Sex 

Females 135 cases — 71% 

Males 55 cases — 29% 


Age 

Average age 60 

Youngest 12 

Oldest 95 

Cases receiving primary treatment 156 

Cases receiving primary treatment elsewhere 34 


Sex and Age Incidence — There were 135 females (71 per cent) and 55 
males (29 per cent) 111 the entire series The average age was 60, the oldest 
being 95 and the youngest 12 (Table I) 
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Table II 

MORTALITY RATE AND CAUSES OF DEATH 


1 56 Cases Average Age, 72 

27 Deaths — Mortality, 17 3% 

Pneumonia 

8 cases 

Pulmonary embolism 

8 cases 

Cardiac failure 

5 cases 

Multiple injuries 

2 cases 

Sepsis (from decubitis) 

2 cases 

Chronic nephritis 

1 case 

Intestinal obstruction 

1 case 


Mentality — There were 27 deaths, a mortality of 17 3 per cent It is sig- 
nificant to note that the average age of the fatal cases was 72, 24 of the 27 
cases being over 60 years of age The average duiation of treatment before 
death was 40 days 

A study of the causes of death shows that pneumonia and pulmonary em- 
bolism account for over half of the fatalities (Table II) This finding closely 
parallels the statistics of Howard and Chnstophe 6 

In four of the eight cases dying of pulmonary embolism autopsies were 
performed In the remaining four the clinical diagnosis seemed justifiable, 
but no autopsy was done The high mortality due to pulmonary embolism 
suggested further study to determine whethei prophylaxis or treatment could 
minimize this complication The average age of these patients was 70 The 
average duration of treatment before death was 17 days, the shortest being 
seven, and the longest 39 days The form of treatment of the fracture did not 
seem to bear any relation to these deaths except that all of the patients were 
bedridden Four of these cases were treated by the Whitman method and 
could be turned m bed frequently Although there was a fairly large number 
of cases in the entire series in which phlebitis was reported as a complication, 
in only one of the fatal cases of embolism was this complication recorded 
In view of the high mortality due to pulmonary emboli, it may be of value 
to consider clotting factors and pi ophylactic treatment as outlined by Bancroft 
and Stanley-Brown 12 The high incidence of pulmonary emboli is also a defi- 
nite argument in favor of that form of treatment which permits of mobilization 
and short periods of bed confinement 

Table III 

RESULTS IN 34 PREVIOUSL1 TREATED CASES 


Deaths 1 

Nonunion 23 

Union 2 

Unfollowed 8 


Results of Tieatment — The results of cases admitted to the Hospital four 
weeks or longer after injur}' are shown in Table III Of the 23 cases of 
nonunion, 18 were old cases with frank nonunion at the time of admission 
Thirteen of these cases were admitted for, and subjected to, reconstruction 
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operations, bone-peggmg or arthrodesis The two cases resulting m union 
were complete midcervical fractures Both had been treated at home by bed 
rest only, one for 42 days, and the other for 46 days before coming to the 
hospital After admission they were treated by the Whitman abduction 
method, and both united with absorption of the neck and a coxa vara deformity 
(Figs 12 and 13) 

Table IV 

FOLLOW-UP RESULT IN 156 RECENT FRACTURES 


Deaths (m hospital) 27 

Deaths (within one year of discharge) 5 

Unfollowed 55 

Living cases followed one year 69 


CLINICAL RESULTS OF 69 FOLLOWED CASES 

Satisfactory 22 31 9% 

Unsatisfactory 47 68 I % 

Follow-Up Results — The follow-up results of the series of 156 recent frac- 
tures are shown in Table IV There were 32 cases known to have died in 
the hospital or within one year of discharge Of the remaining 124 cases, 55 
were unfollowed, and 69 were reported upon one year or longer after injury 
Of these, 46 had had an examination and roentgenograms one year or longer 
after admission to the hospital and 23 reported by letter No attempt was 
made to grade the results as good, fair or bad, m the cases reporting by letter 
because the information given was too meager to arrive at accurate conclusions 
Those cases known to have bony union with good function and those cases 
repoi ting stable weight bearing hips, who returned to former occupations, are 
considered satisfactory Those cases known to have nonunion with poor 
function, and those reporting a disability necessitating support in walking, 
are considered unsatisfactory 


Table V 

STATISTICS RELATIVE TO RESULTING BONY OR NONUNION IN 46 
FOLLOWED CASES 

Bony union 8 cases — 175% 

Nonunion 38 cases — 82 5% 


Procedure 

Whitman 

Traction 

Sandbags 


No of 

Cases Nonunion 

35 30 

9 7 

2 1 


Percentage 
of Umon 
14 2 
2 22 

1 50 


METHODS Or TREATMENT IN 46 FOLLOWED CASES 

Bony 
Union 

5 


Bony Umon — In determining the presence or absence of bony union, only 
those cases are included in which roentgenologic examination was available one 
year or longer following the date of injury Of the entire series of 129 living 
cases only 46 were examined physically and had roentgenograms taken after 
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this period of time This is a low follow-up percentage and illustrates one of 
the difficulties in compiling an accurate report in such cases Many are trans- 
ferred to othei hospitals during the immobilization period, many die during 
the first or second year after the injury and others are totally disabled and 
cannot return for physical or roentgenologic examination 

Table V shows the results in the living cases followed and examined 
roentgenologically one year or longer after injury There aie 46 followed 
cases of which eight, or 17 5, per cent resulted in bony union, while 38, or 
82 5 per cent, resulted in nonunion 

Of the 35 cases treated by the Whitman method only five cases (142 per 
cent) obtained a bony union Of the five successful cases, one was incomplete 
and three were impacted Only one of the successful cases was a complete 
ummpacted fracture 

Adherents of the Whitman method have stated that such poor results indi- 
cate that the suigeons did not use the method properly It seems logical to 
assume that if, after 30 years of geneial use, a method is successful only in 
the hands of a limited number, it should not be advocated as a general method 
of treatment 

This record of poor lesults is made more discouraging after a study of 
the cases which united (Table VI) 


Table VI 


Type of Fracture 
Incomplete 

Impacted in valgus 
Ummpacted, complete 


EIGHT CASES OF BONY UNION 

No Of 

Cases Treatment 

1 Whitman 

5 Whitman, 3] 

Traction, 1 > 
Sandbags, 1 j 

2 Whitman, 1 

Russell traction 


Clinical Result 
Aseptic necrosis (Whit- 
man reconstruction) 

Good 

Good 


Of the eight cases resulting 111 bony union, only two were complete, unim- 
pacted, intracapsular fractures, the remaining six being incomplete or sub- 
capital fractures impacted in the valgus position 

Nonunion — In studying the cases of nonunion it was found that, invariably 
there was absorption of the neck with more 01 less upward displacement of 
the femoial shaft In some cases the absorption involved not only the neck 
but also the femoral head In some cases eudence of nonunion appeared m 
less than three months but 111 many instances definite evidence of nonunion 
was not appaient until after three months In other cases union was apparently 
solid, as determined by roentgenologic examination six and nine months 
following the injury, nonunion being demonstrated thereafter Upward dis- 
placement of the femoral shaft increased after weight bearing ivas attempted, 
and in most cases shortening of one or tw r o inches resulted 

Four of the ununited fractures treated by the Whitman method appeared 
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impacted in the original roentgenograms None of these had lateral views 
made All of the remaining cases were complete, unimpacted fractures, most 
of them with displacement and rotation apparent m the roentgenogram 
Those cases treated m the past few years, since the use of lateral roentgeno- 
grams, showed no improvement in results Many were apparently perfectly 
reduced in both the anteroposterior and lateral views, yet none of the com- 
plete midcervical fractures having the benefit of lateral roentgenograms united 
Eight of 38 cases of nonunion were subjected to operative procedures 
Four had Whitman reconstruction operations, one being a failure, the other 
three were successful In two cases a Brackett operation was performed, one 
was successful and one unsuccessful In one case a bone peg was used with 
an unsuccessful outcome, and in one case an ostotomy was performed, the 
result being unknown 

Of the 30 remaining cases, two were able to walk without support and 
with little pain or limitation of motion, after three years Both had marked 
limps but were able to carry on their occupations Four were able to walk 
with the aid of a cane, but their locomotion was definitely limited All of 
these patients were totally disabled for two or three years Ten were totally 
disabled and practically bedridden aftei a period of three years The remain- 
ing 14 were not followed long enough to estimate function 

Cases Resulting in Union — In the followed cases there were five in which 
the original loentgenogiams showed impacted, subcapital fractures with the 
head in the valgus position All of these cases united with excellent anatomic, 
as well as functional lesults Roentgenograms, as shown in Figs I, 2, 3, 4, 
and 5, showed healing with negligible absorption of the neck or deformity 
of the head except for the valgus position Three were treated in the Whit- 
man abduction spica, one by a Buck’s extension and one by sandbags 

There was only one incomplete fracture in the series (Fig 6), a boy of 
16, immobilized in a Whitman spica for eight weeks Roentgenograms at 
regular intervals showed bony union up to one year Thereafter, the head 
showed beginning aseptic necrosis, and at the end of three years the process 
was well advanced in the head and neck with narrowing of the joint space 
(Fig 7) Because of pam and disability a Whitman reconstruction operation 
was recently performed 

This case illustrates the necessity of long follow-up study before end- 
results may be accurately compiled It also clearly illustrates that, in injuries 
to the femoral neck and head, a process of bone absorption, or aseptic necrosis, 
may result without a complete fracture There is much emphasis in the litera- 
ture upon accurate apposition and adequate fixation as necessary factors m 
the prevention of nonunion, but m the above case these requirements were 
necessarily fulfilled The incomplete fracture united Nevertheless, aseptic 
necrosis developed The cause of late changes in the femora! neck and head 
is not known, but undoubtedly it has to do with injury to the cartilage of the 
head and to disturbance of blood supply of the head and neck Speed 13 has 
emphasized the fact that this process of absorption may proceed in spite of 
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Fig 7 — Roentgenogram after three jears 
Fracture united Aseptic necrosis of the 
head 



tion of right hip 



Fig g —Roentgenogram after three jears showing asep 
tic necrosis of the head and neck 


Tig io — Unimpacted fracture Age 
70 Russell traction Lmon Roentgeno 
gram two jears after mjurj' 



Tig 11 — Unimpacted fracture right Age 
56 \\ hitman treatment Union Roentgenogram 

two and one half jears after mjurj 


Fig 1 2 — Unimpacted fracture left Age 
60 Admitted 42 da's alter mjur\ Whitman 
treatment Union Roentgenogram 15 months 
after mjurj 


447 



PRESTON A WADE 


Annals of Surgery 
September 1938 


accurate fixation of femoral neck fractures The same process may follow dis- 
location of the hip without fracture of the femoral head or neck Figure 8 
shows a i oentgenogi am of a right hip after closed reduction of a traumatic dis- 
location There was a fracture of the rim of the acetabulum After three 
yeais, symptoms of pain and shortening occurred and a roentgenogram (Fig 
9), revealed aseptic necrosis of the head and neck From a study of these cases 
it is evident that a process of absorption of the neck or head may occur when 
the problems of proper reduction and immobilization are eliminated This fact 
may explain the frequent occurrence of nonunion in midcervical fractures 

Only four complete midcervical fractures were found to have united in 
the entire senes, two being fiesh fractures One was treated by Russell trac- 
tion, because the age (70) and general condition of the patient contraindicated 
moie lachcal tieatment Figuie 10 shows the roentgenogram of this case, two 
yeais aftei mjuiy with definite bony union and no apparent shortening of the 
neck The other recent case was treated by the Whitman method and the 
result, Fig 11, two and one-half years after injury, shows bony union with 
absoiption of the neck and a coxa vara deformity The functional result in 
this case is veiy good The lemainmg two midcervical fractures were ad- 
mitted foi Whitman tieatment 42 and 46 days, respectively, after injury Both 
united with absoiption of the neck and a coxa vara deformity (Figs 12 and 
13), but with good function 

In piactically all nndceivical fiactures of the neck of the femur, absorp- 
tion of the neck occuned and union rarely resulted The results of the cases 
shown 111 Figs 11, 12, and 13 are unusual in this series In spite of absorption 
of the neck, the head has united to the shaft These results are similar 
to that obtained by Magnuson 14 111 his adaptation of the Brackett operation to 
fresh complete fiactuies (Fig 14) In this operation a portion of the neck 
which usually absoibs is sacnficed 111 reforming the upper end of the fractured 
neck to be inseited into the hollowed-out head The greater trochanter is 
transplanted to a lowei position on the shaft Although this operation is a 
formidable one, and is applicable only to those patients in fairly good condition, 
the theoiy of the procedure is sound, and Magnuson 11 has reported satisfactory 
results 

Investigation of the complete intracapsular fractures m this series of cases 
would indicate that closed methods of treatment are still inadequate 

With modern internal fixation 2 ’ 17 these elderly patients are able to be out 
of bed and may bear weight on the affected leg even before union can occur 
These methods are a marked improvement over closed methods of treatment 
in tins respect Smith-Petersen states that the nail, in itself, does not promote 
union but allows early mobilization with firm fixation The method has not 
been employed over a long enough period to establish the end-results in respect 
to bony union, but even if late reports indicate a low percentage of bony union, 
the internal fixation is still an improvement over the closed methods 

Since absorption of the neck with nonunion is the usual result in unim- 
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pacted intracapsular fractuies, it seems that exponents of the eaily reconstruc- 
tion operations have evidence upon which to base then plan of treatment In 
these cases, if operative procedure may be safely performed, it seems wise to 
accept inevitable nonunion and to undertake early operative proceduies foi 
reconstruction, such as the Magnuson-Brackett 14 operation, or the Schanz 
osteotomy as described by Schumm 15 



Fig 13 — Ummpacted fracture, left Fig 14 — Brackett operation for 

Age 39 Admitted 46 days after injury fresh, complete, ummpacted fracture 
Whitman treatment Union Roe ntgeno (from Magnuson) Roentgenogram two 
gram 15 months after injury jears after operation 

CONCLUSIONS 

(1) Accuiate end-results of any method of treatment should differentiate 
between (i) Intracapsular and intertrochanteric fractures, and (2) impacted 
and ummpacted fractures 

(2) Accurate end-results of treatment with respect to bony union cannot 
be obtained without at least one year follow-up roentgenologic examination 

(3) Accurate end-results concerning function cannot be obtained undei 
one 01 two years because (1) Some cases resulting in bony union may 
develop aseptic necrosis of the head and neck, and (2) some cases resulting 
m nonunion have a fairly satisfactory functional result 

(4) In this series, subcapital fractures impacted 111 the valgus position, 
united with little or no deformity of head or neck, regardless of the types of 
treatment 

(5) Complete ummpacted fractures usually result m nonunion with absorp- 
tion of the neck 

(6) Absorption of neck and head may develop even with apposition of 

fragments and propei immobilization , 

(7) In this series of cases the Whitman method has shown too few satis- 
factory results to justify its continued use 
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Discussion — Dr James M Hitzrot (New York) was greatly inter- 
ested in hearing a discussion on what Kellogg Speed has called “the unsolved 
fracture,” and what Cotton has recently descnbed as the fracture for which 
the best proceduie has not yet been discovered, namely, intracapsulai fracture 
of the neck of the femur The essential result desired is a satisfactory weight- 
beanng leg, without pain, and with sufficient motion at the hip joint to allow 
the patient to sit down with comfort A great many methods have been 
devised and are at present being employed to accomplish this result Just 
how satis factor}' many of them are is a mattei open foi discussion 

Doctor Hitziot considered intracapsulai fracture of the neck of the feniui 
as occurring in three age-groups The first is 111 young people, befoie the 
epiphysis of the head of the femur has united to the shaft , the second, in 
patients betw een the ages of 20 and 50 , and the third, in patients of 5° y ears 
of age or more The problems of treatment are a little different for each 
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group In the first gioup, fractuies of the neck of the femui or epiph) seal 
sepai ations require complete, early reduction, and unless this is obtained 
satisfactorily by manipulation these cases should be opeiated upon early and 
the replacement obtained by actual exposuie of the fractuie line, e\eiy at- 
tempt being made to conserve the growing poition of the bone In the second 
gioup, reduction by open opeiation or by fixation with vai ious forms of 
metal nails, screws, etc , is probably the method of selection, and, m Doctoi 
Hitzrot’s opinion, the future will see moie operative piocedures m this group 
than at present In the group over age 50, and especially m the older mem- 
bers of this group, the primal y essential of treatment is the geneial care 
of the patient because most fatalities occur in this group Naturally, an) 
series of cases fiom age 60 upward, will show the highest moitahty, and in 
these elderly people that type of treatment must be instituted which will 
give them the most comfort and run the least lisk of endangering then lives 
The incident of nonunion in patients more than 50 yeais of age, is highest 
Theiefore, the lesults in this gioup are as yet not satisfactory m that, aftei 
a long period of tieatment, these patients usually have an unsatisfactoiy 
weight-bearing hip This occurs no mattei what the ongmal tieatment may 
have been, since the etiologic factois and cause of the nonunion are not con- 
trolled by any of the opeiative piocechnes That the newer methods of fixa- 
tion by nails, screws, etc, aie a moie comfortable tieatment, allow these 
patients more fieedom, and aie less confining, can geneially be accepted, but 
the late results are not as yet pi oven to be more satisfactory than those of 
the earlier manipulative methods If nonunion occuis due to absorption 
along the fiacture line the same failuie to obtain a satisfactory weight-beaimg 
leg results 

Fractures of the neck of the femui deserve consideration also from anothei 
point of view, namely, some type of operative procedure which will avoid 
the disappointing results and which will enable the patient to be up and 
about with a weight-beai ing leg and a minimum amount, if not an entire 
absence, of pain on walking 

Doctor Hitziot felt that, 111 propeily selected cases, some type of recon- 
struction operation performed early would give the patient a moie satisfac- 
tory weight -bearing leg than could be obtained by any foim of treatment 
which attempted to obtain union along the fiacture line In a discussion 
with Doctor Magnusson, Doctoi Hitzrot undei stood him to be of the opinion 
that the Biackett operation, peifoimed early, would pioduce this result 
Even if union does not occur following this opeiation, the weight-thrust 
will give the patient a satisfactoiy weight-beai mg leg without pain, and the 
patient will be able to get about earhei than if operation weie undertaken 
after nonunion has occuned 

Doctor Hitziot emphasized that an opeiation, of the type descubed by 
Whitman, the so-called “Whitman leconstruction” opeiation, must also be 
given consideration If this is undei taken early, the resulting weight-bearing 
leg is much more satisfactory than if it is perfoimed late Doctor Hitziot’s 
experience with 20 cases, m which this procedure was carried out, after 
it was definitely established that nonunion was occuinng, demonsti ated sat- 
isfactory lesults m 18 instances, which led him to the conclusion that if the 
operation had been peifoimed early the lesult would hare saved the patient 
a good deal of tiouble His experience with other types of procedure 01 
the results which he has seen have not seemed entirely satisfactoiy His 
results with the Biackett operation have not been quite as satisfactoiy as 
those obtained by Doctoi Magnusson This, he thought, might be due to 
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a fault in his operative technic, in that he did not get the head fragment so 
fixed that the weight-thrust was directly upward through the shaft, and when 
the weight-thrust becomes exerted at an angle as the result of this operation 
the end-results are likely to be disappointing 

Neither of these operations is a minor undertaking, and the cases upon 
which they are pei formed should be carefully selected If the patient is 
properly prepared, Doctor Hitzrot’s experience with the Whitman reconstruc- 
tion operation has been such that in his opinion many of these patients will 
stand one of these operative procedures without any great difficulty Just what 
the mortality will be in these cases is problematic The cases upon which 
Doctor Hitzrot had operated late have, up to the present, all been carefully 
prepared and selected foi the operation Among these he, fortunately, has 
not had a fatality If this care in selection is not made, naturally the mortality 
will be greater 

Doctor Hitzrot’s experience with the vai ious types of bone grafting in 
these fractures, which he began to employ as early as 1912, using autogenous 
and beef-bone dowels and screws, had not given satisfaction, and when healing 
occurred m the early cases it seemed that it would have occurred equally as 
well without the operation There is nothing about the bone graft that will 
alter the process which tends to produce absorption along the neck, even in 
young individuals, and the fixation obtained by these various types of graft 
has not been as firm as that which can be obtained by various types of metal 
nails and screws, and is, in addition, much more difficult of accomplishment 

Although reconstruction operations leave the patient with a shortened 
leg, they do not result in much more shortening than occurs when the neck 
bends later, nor do they give as much shortening as occurs after the absorp- 
tion has taken place on the shaft side of the neck The early application of 
weight to the leconstructed neck prevents, to a large degree, this absorption, 
and Doctor Hitzrot was convinced that some such radical procedure as the 
Brackett operation or the Whitman reconstruction operation must be given 
due consideration in the treatment of these unsolved fractures Just what 
procedure will give the best result will have to await the results obtained by 
many well equipped surgeons, and to obtain a true perspective on these results, 
the cases should be followed for at least two years or longer after injury 
befoie arriving at any conclusion as to the desirability of either procedure 

Dr Donald Gordon (New York) reviewed Doctoi Wade’s statistics 
in seven series of end-results foi the Whitman method, which varied from 
53 to 83 per cent satisfactory If the figures of Whitman are excluded, 
the average of successful results was 55 per cent, including Mensor and 
Dewey’s statistics of cases with zero success If that group is left out, 
the average becomes 66 2 per cent, which compares favorably with recent re- 
ports of nearly 70 per cent in series analyzed by other men Mensor and 
Dewey’s figures depart so far from the major cross-section of the results 
quoted by Doctor Wade, that it would appear that the surgeons made such a 
poor application of the Whitman method that it is questionable if they would 
have done any better by emplojung a more complicated procedure 

Concerning Doctor Wade’s statement with regard to the group he studied — 
that “It seems logical to assume that if after 30 years of general use a method 
is successful only in the hands of a limited number, it should not be advocated 
as a general method of treatment” — Doctoi Gordon said that the statistics 
shown by Doctor Wade for the two New York hospitals certainly reflected 
little credit on the method or the hospitals, as compared with those quoted by 
men from other cities, the general reports of success with the Whitman method 
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as to end-results, whether functional or with bony union, being at variance 
with the figures shown in Doctor Wade’s study This study did not reveal 
any data to suggest a technic which would afford any better results in the 
hands of those unable to use the Whitman or closed methods with an average 
degree of success Doctor Gordon was not convinced from the data presented 
that closed methods of treatment should be given up Human judgment 
suffers a severe strain m choosing which method of procedure to employ where 
a study of Table V, presented by Doctor Wade, leveals that two cases treated 
with sandbags gave a 50 per cent incidence of bony union m the series of 
cases cutically examined by Doctor Wade 

Discussing the ingenious and specialized technic presented by Doctor 
Bergammi and Doctor Dooley, Doctor Gordon thought that then own, com- 
bined with other standard procedures, involved the introduction of a pm of 
Vitallium with a shearing resistance up to 24,000 pounds, or 12 tons, and said 
that such a pm should resist corrosion Its prolonged tolerance by the tissues 
of various patients will have to be learned Its strength should support weight- 
bearing of even the very obese, until the fracture has had an opportunity to 
unite, if it will, or for a longer period if it will not 

The method of finding the angles formed by the axis of the neck and shaft 
from the tiacmg is simple and useful, but it would be of help if the authois 
would state what corrections should be made when the upper end of the femur 
is not a normal one, because of former pathology The conti ol of the direction 
of the pm appears to be within the safety limits required Doctor Gordon 
wondered if the authors had had any pms deviate enough to cause a compli- 
cation 

Doctor Gordon stated that the Leadbetter 1 method of reduction stood alone 
m reducing and proving reduction before being controlled roentgenographi- 
cally He felt that the technic of the lateral view of the normal or injured 
hip, as shown by Doctor Bergammi, was most novel and should be helpful for 
other purposes m this region as well as for localizing foreign bodies other than 
the pin The determination of the precise position of the injured or well leg 
by the use of the inclinometer would be precluded where a stiff knee or mid- 
thigh amputation existed 111 either leg, and, therefoie, a simpler technic would 
be necessary 

Only one stage m the development of the technic for the introduction of 
flanged pms m treating a fracture of the neck of the femur was presented 
Conclusions were furnished based upon the authors’ extensive personal expe- 
rience, which Doctor Gordon found it difficult to agree with completely, mainly 
on the basis of his lack of similar experience with an entirely new procedure, 
and m the absence of any data on their results The time allotted for the 
presentation, of course, did not permit the presentation of these data , without 
it one would not be m a position to apply the yaidstick of the results of similai 
pinning proceduies or to pass judgment on its comparative value Certainly 
the attention to the many details which appear to furnish precise methods in 
each step, leaving little to fallacious judgment, would appear to lender a better 
operative lesult and afford the surgeon the satisfaction of precision which 
should eliminate one of his worries 

Doctor Gordon doubted whether the skillful technical minds of the authors 
would remain satisfied even with the present technic, and believed that they 
would simplify it m the future The procedure appears to give a great degree 
of accuracy in locating where the pm is to be placed and in directing its course, 
but the authors, while assuring that the procedure is simple, do not mention 
how many hours must be spent on the development of an organization, in 
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order to enable one to carry out the method simply This encouragement is 
needed to induce a trial of any method , hut it is only too obvious that anyone 
attempting the proceduie presented, without first-hand experience with those 
who have developed it to its piesent degree of perfection, would find many 
pitfalls It is the early eirors, produced by the pitfalls resulting from inexpe- 
rience, which tend to detract from the merits of a technic in its eaily life, and 
to obscuie its tiue value in the late results A report in the futuie by the 
authois of then complications, sequelae and tlnee-yeai results based on present 
standaids will be of gieat value m detei mining and preserving the good points 
of then technic In the mam problem, when any pin 01 mtei nal retention 
device has been placed in a reduced fiactuie, any technic must be submitted 
to the many as yet unknown factois of physiology and pathology and the 
limited life expectancy in cases of this “unsolved” problem 

Doctoi Goidon said that, although inexperienced in pin work, he personally 
believed that in the hands of a propeily tiained organization it affords accurate 
reposition A small, strong, noncoirosive pm should cause a minimum of 
damage m the open opeiation which such woik lequires Doctor Bergamini’s 
and Doctoi Dooley’s method appealed to the speakei as a step foiward in 
pinning technic which, by eaily mobilization of the patient to the upright 
position and by improving the blood supply of the femoial neck, will do much 
toward bunging about a union and minimizing the subsequent bone absorption 

REFERENCE 

1 Leadbetter, Grey W Closed Reduction of Fracture of the Neck of the Femur Jour 
Bone and Joint Surg , 20, January, 1938 

Dr Paul K Sauer (New York) Without minimizing in the slightest 
the ci edit due Doctor Whitman, it must nevertheless be admitted, as has been 
so well demonstrated by Doctor Wade, that the Whitman method except 
possibly in the hands of a select few has not proved adequate m the treatment 
of mtracapsular fractuies of the neck of the femur 

Dui mg the past six yeai s, at the City Hospital, Doctor Sauei had remarked 
the continued readmission of fractuie of the hip cases yeai aftei year, which 
gave use to the suspicion that then method of treating mtracapsulai fractures 
of the femoial neck left much to be desired Then impression of the poor 
results was not only substantiated, but upon analysis of the cases from 1929 to 
1936, it was ascei tamed that the actual lesults were even less favorable than 
they had suspected 

In Doctor Sauei ’s opinion no result that is less than two years old should 
be consideied, much less lepoited, as a careful follow-up of lesults at the end 
of two or moie years often dispels the impression of a bony union, which had 
seemed a successful accomplishment at the end of nine months or a year 
During the seven years up to Januaiy, 1936, theie were 96 cases of mtra- 
capsulai fractuies of the neck of the femur tieated at the City Hospital 
(No cases of mtertiochanteric fractures aie here included ) It was noted that 
although several cases were reported by the loentgenologist as being impacted 
when the) were first examined loentgenologically, not a single case of impac- 
tion was found on later examination 

A11 anal) sis of the 96 cases showed the sex incidence to be 63 females 
and 33 males, a ratio of approximately 2 1 The average age of all the 
patients was 625 )ears, the youngest 26, and the oldest 95 The mortality 
1 ate w as 25 per cent 
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Table I 


ANALYSIS or 96 CASES OE INTRACAPSULAR FRACTURL OI THE NLCK OI THI FLMUR 


Total number of cases 
Average age 
Youngest 
Oldest 

Average morbidity 
Mortality 

Cases receiving more than one method of treatment, 
other than reconstruction operation 
Number of cases of bony union 
Number of cases receiving reconstruction operations 


96 
62 5 

26 
95 

5 3 mos 

25% 

27 (35%) 
o 

19 (20%) 


Table II shows the various methods of treatment instituted A justifiable 
question would he how many of these eases were piopeily reduced in the first 
place before the application of the Whitman spica, and in how many of those 
properly reduced was the 1 eduction maintained after the application of the 
spica ? I don’t know, but I assume just about as many as are usually reduced 
and maintained 111 the aveiage hospital You will also notice in Table II that 
the only case 111 which bony union was obtained, was complicated by a simul- 
taneous intertrochanteric fracture in which a long upper fiagment was wired 
to the shaft Otheiwise the lecord of bony union is 100 per cent ml Twenty- 
seven, or 35 per cent, of these cases received moie than one method of treat- 
ment and still there was no bony union obtained 

Table II 

ANAIYSIS SHOWING METHODS Or TREATMENT EMPLOY ED AND RESULTS 

A 


Methods of 
Treatment 
Emploj ed 

No 

Aver- 

age 

Age 

Age of 
Young- 
est 

Age 

of 

Old- 

est 

Average 

Morbidity 

Mor- 

tality 

Mor- 

tality 

Per 

Cent 

Union 

No of Cases 
Receiving 
Other 
Treatment 

Unknown 

4 

59 

43 

76 

Unknown 

1 

25 

0 

0 

Russell traction 

6 

58 

34 

76 

1 mo 

0 

0 

0 

5 ( 83 %) 

Whitman spica 

58 

63 5 

26 

86 

4 8 mos 

8 

14 

0 

15 (21%) 

Bozsan drilling, 

with spica 

8 

65 

54 

79 

4 9 mos 

I 

12 5 

0 

4 ( 50 %) 

Bozsan drilling, 

Roger Anderson 

I 

34 

34 

34 

3 mos 

0 

0 

0 

0 

No treatment, sand- 

bags 

12 

69 

53 

95 

19 mos 

6 

50 

0 

I (8%) 

Roger Anderson, 

wiring shaft 

I 

45 

45 

45 

7 5 mos 

0 

0 

1 * 

0 

Kirschnei wire, pin- 

rung 

3 

63 

56 

70 

5 mos 

I 

33 

0 

I (33%) 

Jones splint, bone 

gra't 

I 

42 

42 

42 

9 mos 

0 

0 

0 

I (100%) 

1 homas splint, 

walking caliper 

2 

65 5 

55 

76 

1 5 mos 

I 

50 

0 

0 

Snuth-Petersen nail 

I 

40 

40 

40 

5 mos 

0 

0 

0 

0 

Moore nail 

I 

76 

76 

76 

1 5 mos 

I 

IOO 

0 

0 

Wire nail 

I 

26 

26 

26 

5 mos 

0 

0 

0 

0 

Buck s extension 

I 

67 

67 

67 

2 mos 

0 

0 

0 

0 


* Bony union obtained, fracture complicated however b> an intertrochanteric fracture which was wired 

Based on the findings of our analysis of these cases it was decided that we 
were most unsuccessful in reestablishing these people as an economic asset to 
the community, and that oui usual method of treating these cases was faulty 
It seemed that if nonunion was to be the rule in these cases when treated by 
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the ordinary methods, some other type of therapy had to be instituted There- 
fore, it appeared that some type of reconstruction operation as the primary 
treatment was indicated in order to obtain an early satisfactory result 

Table III 

ANALYSIS OF THE 19 CASES WHICH RECEIVED RECONSTRUCTION OPERATIONS 


Number of cases having reconstruction operations 19 

Average age 43 3 

Youngest 28 

Oldest 76 

Number having had previous treatments 18 

Average morbidity before reconstruction 7 mos 

Average morbidity after reconstruction operation 4 yZ mos 

Mortality (4 cases) 21% 

Results 

Good 1 1 

Fair 1 

Failure 3 


Table IV 

ANALYSIS OF THE TYPES OF RECONSTRUCTION OPERATIONS EMPLOYED AND RESULTS 


Types of 
Reconstruction 


Aver- 

age 

Age of 
Young- 

Age 

of 

Old- 

No Pre- 
viously 

Average 

Morbidity 

before 

Average 

Morbidity 

after 

Mor- 

Mor- 

tality 

Per 


Operations 

Whitman re- 

No 

Age 

est 

est 

Treated 

Reconst 

Reconst 

tality 

Cent 

Results 

construction 
Brackett oper- 

3 

56 3 

52 

64 

3 

10 mos 

7 mos 

2 

66 6 

I walking 

ation 

Lorenz bifurca- 

1 

28 

28 

28 

1 

3 mos 

S mos 

0 

0 

Ankylosis 

walking 

tion 

15 

60 6 

39 

76 

14 

7 7 mos 

4 J 4 mos 

2 

13 3 

9 good 

1 fair 

3 failures 


Four types of operation were considered Whitman reconstruction, 
Colonna’s operation, Brackett’s operation, and the Lorenz bifurcation The 
first two were discarded because they necessitate opening the hip joint and 
removing the head of the femur Frequently these operations lead to ankylosis 
of the joint The Brackett operation, while it makes use of the head, demands 
that the joint be opened, a procedure which is not without the attendant dangers 
of shock and infection Therefore, the Lorenz bifurcation was chosen as being 
the most suitable to be employed at the City Hospital for the following reasons 

(1) The hip joint need not be opened, the operation being an extracapsular 
osteotomy 

(2) The head of the femur is left in place, and is used as a movable point 
of support 

(3') There is practically no shock to the operation, and the procedure can 
be borne by any patient capable of undergoing an operation 

(4) The time of operation is short, 20 minutes being all the time required 
except for the application of the plaster encasement 

(5) The danger of infection is minimal If infection does take place, the 
extracapsular tissues are much more capable of taking care of it than the 
joint surfaces 

(6) There is very little shortening of the leg While there is some absolute 
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shortening, there is relative lengthening due to the abducted position of the 
leg and the tilt of the pelvis when walking However, a heavy sole on the 
shoe of the affected leg will overcome most of the limp 

(7) The mortality is very low Out of our series of 15 cases there were 
only two deaths One patient died of a coronary occlusion ten days after 
operation, and the other one of a pneumonia two and one-half months post- 
operative 

There is, to-day, no one satisfactory method of treatment that is applicable 
m all cases Many factors, such as the economic and physical status, age, and 
the conditions under which treatment must be rendered, will of necessity 
compel different methods of treatment to be instituted 

Dr William Darrach (New York) also felt, as had been mentioned by 
the speaker, that it was a great mistake to draw any conclusions relative to 
bony union or the vitality of the femoral head during the first two years, and 
cited three cases illustrating this contention 

The first case was that of a woman, age 72, who had had an open reduction 
with the introduction of a Smith-Petersen pm She was walking around at 
the end of nine weeks She continued to walk without pam and with almost 
complete motion until the thirteenth month At this time while turning over 
m bed she experienced a sudden severe pam in her hip and was unable to bear 
her weight 011 it Roentgenologic examination showed that the pm had broken 
and that the fragments had separated At the end of seven years there was 
almost complete absorption of the head 

Another case showed bony union nine months after open pinning, with 
good motion The pm was removed, and her range of motion gradually 
decreased and the pam increased Roentgenologic examination showed marked 
flattening of the head, notwithstanding the fact that bony union had occurred 
The third case, a woman, age 29, had come up from the South in a plaster 
spica with an end-to-side position of the fragments A closed reduction 
seemed to give good apposition, but after five months it was evident that 
there was no union and an open reduction was carried out with insertion of 
a pm This also failed and a second open reduction and reinsertion of a pm 
was carried out 11 months later This resulted in bony union, but after three 
years the head had become considerably flattened, and at the end of seven 
years a roentgenogram shows a very misshapen, flattened head Yet m spite 
of this there is evidence of a good joint space She has a marked limp, marked 
limitation of abduction, internal rotation and flexion, but often spends most of 
the day on her feet, rides horseback and does not use either a cane or a crutch 
These three cases demonstiate that one cannot always tell at the end of one 
or even two years, what the results will eventually be The problem of mtra- 
capsular fracture is still “unsolved” With regard to trochanteric fractures, 
one does not have to worry quite so much However, a great deal of encourage- 
ment may be found because of the marked improvement which has taken place 
in the treatment of these cases A few years ago, C R Murray made the 
statement that To get good union one should first get a good reduction , 
second, maintain that good reduction, and third, get bony union Doctor 
Darrach added two other factors (1) You have to save the patient’s life, and 
(2), you have to piotect in some way, if possible, against the late changes that 
tend to take place, such as flattening out of the head, breaking down or shorten- 
ing of the neck These five points must all be boi ne 111 mind 

Everybody’s mortality has been reduced a great deal — Doctor Darrach said 
this was tiue of his because of a number of factors m this special group, one 
of which he thought was internal fixation His attitude at first had been that 
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internal fixation, that is, open 1 eduction with inseition of a Snnth-Petersen 
pm, should be pei formed m all cases that could withstand such a procedure 
However, he now feels that an open reduction and employing a Snnth-Petersen 
pm should be pei formed only if it is thought the patient will not stand plaster 
encasement and long bed stay The pendulum has swung the othei way In 
older people, open reduction seems safer than to employ a plaster encasement, 
even though it is a long operation Doctoi Danach’s mortality had been 
definitely reduced both by undei taking an open operation, and through better 
after-care A great many moie lives can be saved if the patient can be 
enabled to get up soonei The position on this subject seems to change every 
two or three yeais, and it has to do so if anything is to be learned Doctoi 
Dairach said he was not certain what is the best method of handling these 
cases One series was tried employing the Snnth-Petersen procedure, not 
dividing the glutei , and then another sei les m which, in order to improve the 
blood supply, some muscle was transplanted to the head fragment, but the 
results did not compare favorably with those of some others, especially those 
repoited by Thointon, who has had 60 cases, in which he has obtained most 
excellent results from blind nailing Doctor Danach said he was now going 
to start in doing some blind nailing He did not think, however, that he was 
up to using the fascinating ariangement descnbed by Doctor Bergammi 

One must keep tiying out dififeient methods, studying results, not deceiving 
one’s self, following one’s cases thiough, and actually finding out just what 
the conditions are at the end of two, three 01 five yeais If all will do this, 
then, in anothei 15 or 20 years, it will piobably be possible to get somewhere 
in solving this most difficult but most fascinating problem , namely, fracture of 
the neck of the femur 111 the capsule wheie the blood supply is pooi 

Dr Frederic W Bancroft (New York) said that it had been his good 
fortune to have heard many talks on fractures of the neck of the femur during 
the period of tin ee years in which he has been connected with the Committee 
on Fiactures, so that he has a passive knowledge without great actual expe- 
rience on the subject On the other hand, he said he was not a strong 
protagonist of one method 01 the other, and had formed some theoretic ideas 
from listening to discussions He thought eveiyone would agree that the 
four steps 111 the progress of tieatment of fiactures of the neck of the femur 
were 

(1) The Whitman method, which pioduced the first real active principle 
of abduction in the treatment of fractures of the femui 

(2) The introduction of the lateral roentgenographic view, which showed 
that the anterioposteioi view did not adequately give the position of the 
fractured ends and showed that a gieat many femui s treated by abduction had 
nevei been pioperly reduced 

(3) The Leadbetter or some similar method, which presented the actual 
method of reducing the fragments 

(4) Internal fixation 

Doctor Bancroft was suie, that if he received a fiacture of the neck of the 
femur he would ish first to be in the hands of a man well versed m the 
treatment of fractures He was also sure that he would wish some means of 
internal fixation He also felt that he should like the method employed by 
Doctor Thornton, who treats a fracture of the neck of the femur as an imme- 
diate emeigency operation If admitted at night the patient is treated as any 
other emergency would be This proceduie has a very definite advantage 
The fractuie is 1 educed with a minimum amount of trauma, befoie the capsule 
is distended with fluid, and before the surrounding muscles have become 
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infiltrated with blood If the 1 eduction has been delayed foi several days, 
fibrin must have adhered to the ends of the bone, as is seen m cases where 
open 1 eduction for fracture of the patella is perfoimed, and good approxima- 
tion cannot be effected between the ends of the bone if they aie coated with 
fibrin as can be accomplished when they are not 

The problem of the type of internal fixation is still to be determined 
Doctor Bancroft said his pieference would be Moore nails rather than the 
Snuth-Petersen nail, as they seem to give a bettei fixation of the fragments 
with less foreign body reaction The ideal has not been leached because, as 
Doctor Wade showed, even with internal fixation the neck may become 
absorbed, lesultmg in nonunion In one of the 1 oentgenograms shown, wheie 
the bone was piesumably being extruded, it seemed to him that the extrusion 
was the result of the shortening of the neck and not eviction of the nail If, on 
the other hand, Doctor Bancroft should not be m a hospital, where immediate 
operation could be pei formed, and delayed union resulted, he would like to 
have a 1 econstruction operation, probably based on the Brackett pioceduie 
This assumed, he said, that he would be in a hospital with pioper facilities foi 
roentgenograms to be taken m the operating 100m, and with an adequate 
method foi taking a lateial view 

Dr Armitage Whitman (New Yoik) agieed with almost all of the 
speakei s’ statements, and appreciated his veiy painstaking follow-up of the 
loutine cases as they occurred in two hospitals ovei a period of 30 yeais 
Howevei, statistics were so often deceptive One had but to lefer to tbe 
Decembei, 1937, issue of the Journal of Bone and Joint Suigery which con- 
tained three articles on fiactuie of the neck of the femur, and which would 
seem to lefleet the latest expression of authoritative opinion One of them 
was written by Doctor Leadbetter, presenting statistics fiom 1913 to 1937 
The best series was one of seven cases repoited by Doctoi Hendeison, who 
employed a nail, and who obtained 100 pei cent union The next best was 
Albee’s senes, who obtained 97 5 per cent union after using a tibial giaft 
Stem, with the abduction method, obtained 87 per cent union, and so on down 
to Doctoi Katzenstem who had 11 5 pei cent union The British Fiactuie 
Commission, before the abduction method was instituted, reported 13 8 pei 
cent None of the senes descended to the depiessmg results reported by 
Doctor Sauei Doctor Whitman said his f athei has been very much ci lticizecl, 
because he himself had not repoited a senes of his own end-iesults As a 
practicing oithopechc surgeon at the Hospital for the Ruptured and Cnppled 
he saw only a veiy small percentage of flesh fractures With regaid to the 
lemaik that was made to the effect that Di Royal Whitman was lesponsible, 
m 1904, foi bunging this fiacture out of the limbo of complete neglect to 
the cynosuie of surgical attention, Di Ainntage Whitman felt that it was 
quite a feat, and he considered that if his fathei weie to die tomorrow he would 
be satisfied with what he had done Ceitamly anyone treating cases of fiac- 
ture of the shaft of the femui would be cnticized if he gave no idea of when 
the fiacture was leceived or tieatment instituted 

One discussor brought out a very good point , namely, that Doctoi Thoi nton 
gets up in the middle of the night to tieat these fractures as one would do if 
they weie any othei fracture In an article by Doctoi Harris, m the Decembei , 
1937, issue of the Journal of Bone and Joint Surgery, a senes is reported, m 
which 76 per cent bony union was obtained by the nailing opeiation Harris 
says that about two yeais ago Di Kellogg Speed refeired to this fracture as 
the “unsolved” fiacture Hairis says that simply by using the methods of 
tieatment accorded any othei fiactuie — namely, immediate accurate reposi- 
tion, piolonged immobilization, and prevention of weight-bearing until such 
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time as the fracture has had time to consolidate which, in these cases being 
oblique, would be much longer than in any other — fractures of the neck of the 
femur would have as good opportunity of resulting in bony union as any other 
fractuies m the body Doctoi Harris is not concerned as to whether 01 not 
the head undergoes necrosis He has observed cases foi more than three 
years in which this has taken place but in whom immobilization was kept up 
by the nail, and m which the fracture had, nevertheless gone on to complete 
healing 

Doctor Whitman could not believe that Doctor Wade was as pessimistic as 
he sounded when he remarked that “The Whitman method has shown too 
few satisfactory results to justify its continued use ” The abduction method 
repiesents an attempt to treat a fracture, in contrast to the complete neglect m 
which that fracture lay at the time the abduction treatment was conceived 
There can never be any question of the abandonment of the abduction method 
It is proper to emphasize that the abduction method is a procedure which 
results m an accurate reduction of the fracture Whether the subsequent 
fixation be by external means, such as a plaster of pans encasement, or by 
the insertion of a nail, or bone graft, is a detail which must always rest at the 
discretion or skill of the individual who happens to be treating a given patient 
Doctor Whitman was surprised that one of the discussers had gone back 
to the text-book dictum that the “first indication is to save life ” He hoped 
that in surgical judgment surgeons had proceeded further than that Is it not 
taken for granted, he asked, that any one called in to ti eat a patient would have 
as his first indication the saving of life ' 1 Abandoning statistics, Doctor 
Whitman concluded his discussion with the following allegory 

He had had the good fortune of serving three of his six months of medical 
seivice at The Roosevelt Hospital under Dr Frank Jackson, a disciplinarian of 
the old school A case of empyema had applied foi admission to the hospital 
The house physician was so sure that the patient had empyema that he turned 
him over to the surgeons without waiting for Doctor Jackson Somebody 
suggested needling him before opening the chest Doctor Darrach promptly 
said “I will,” and needled him several times without obtaining pus There 
were two or three cases of caicinoma of the pancreas or something equally 
grave waiting, and so he sent the empyema patient back to the medical service 
No sooner did he arrive there than Dr Evan Evans came m, at the head of a 
party of students, looking for something to demonstiate He lit on that 
poor man 

Said Doctor Evans, “Why, of course he has empyema *” “The surgeons 
have needled him,” he was mfoimed, “and could not find any pus ” “Oh, the 
surgeons needled him, did they 7 Well, give me a needle 1 ” Doctor Evans 
tapped the patient on the back several times, with all the students standing 
around him, listening and watching “It’s a classical case of empyema,” 
Doctor Evans emphasized Confronted with a case like that, Doctor Evans 
was like a fox terrier after a woodchuck All considerations of local anesthesia 
were abandoned He needled this way and that way, until, at one o’clock, 
fortunately for the patient, the lunch bell rang Doctor Evans and his students 
disappeared Well, the poor patient looked like a strawberry cushion Mother 
used to stick pins in, and was sent back to his bed more dead than alive 

At two o’clock Doctor Jackson came in again “Any new cases, Barnum 7 ” 
he asked “Yes, a case we thought had empyema ” “What do you mean, you 
thought he had empyema 7 Either he has or he hasn’t” He whacked the 
patient on the chest and then put his head down He never used a stethoscope 
He used to listen to the chest through a sheet and his beard, and no one ever 
could find out how he could hear through his beard “Empyema 7 Of course 
he has empyema bring me a needle 

460 



Volume 108 
Isumber 3 


INTRACAPSULAR FRACTURE OF FEMUR 


“But, Doctor Jackson,” protested Barnum, “this man was needled by the 
surgeons and then Dr Evan Evans spent two hours needling him ” “Barnum, 
did you hear what I said ? Bring me that needle 

It was like Sidney Franklin spearing a bull blindfolded Barnum brought 
the needle Doctor Jackson thrust it in, and pulling out the plunger, obtained 
a syringe full of thick, creamy pus “There you are, Barnum,” he said 
quietly “That will show you it makes some difference who does the needling 
Next case ” 

t 

Dr W Russell MacAusland (Boston) said that up to the time when 
Dr Armitage Whitman spoke he had developed se\eral good ideas but 
then they vanished It must be a comfort to many to know that Di Armitage 
Whitman ever served under any period of strict discipline He could not 
agree with the statement that statistics mean nothing, and could not appreciate 
how anyone could formulate a single didactic method of treatment of this 
complicated fracture, varying as it does m different ages and under very 
differing circumstances, between the ages of 50 and 90 

It had certainly been a great pleasure to hear so many refeiences to 
Dr Royal Whitman’s work, for he had served undei him and had held him 
m the highest esteem for 30 years He so constantly pleached the principles 
of joint care that no surgeon dealing with bones and joints today can practice 
without these principles, and these principles will live forever — in memory of 
his clear thinking and sane judgment The statistics from the Mayo Clinic 
on the abduction method of treatment of fracture of the neck of the femur, 
as well as those of Campbell and a series of several hundred from his ow r n 
clinic, are w'ell wnthin 1 per cent of each other as regards obtaining good bony 
union, which statistics w^ere scrutinized by unbiased persons , a true evaluation, 
therefore, of the abduction method would appear to have been obtained Doctor 
MacAusland wished that he could feel that the statistics reported relative to the 
nailing method w r ere of equal valuation Many surgeons of today, when 
young, w r ere enthusiastic advocates of the open treatment of fracture Time 
has mellowed that, and one must first consider the tjpe of patient and the 
possible complications He must consider the surgical technic of the operator 
and the institution in which this surgery is being performed, and his under- 
standing of that particular fracture m that particular person Certainly no 
law can be laid down on any classified or routine method of treatment of this 
fracture, othei than that it first requires reduction If one is an advocate of 
the open method, there are certain complications that may follow that Many 
must remember the visit of Lane to this country, when metal plates were 
advocated in most fractures, following wdnch for four or five years osteo- 
myelitis had to be treated, at least all over New ? England Doctor MacAusland 
said he had seen a lot of nailing of these fractures , indeed, some pretty good 
ones u-ere just presented by Doctor Wade and by Doctor Bergammi both of 
whom Doctor MacAusland washed to congratulate on their very sane pre- 
sentation of the subject, but, he added, he had also seen many poor lesults 
Why aren’t they published ? 

One must be very careful in teaching graduates as w ell as students, tech- 
nical methods that are to be applied to these cases and show mg them one or tw r o 
cases of fractured neck of the femur before and after, with a very beautiful 
lesult They go out, and it seems so simple m the hands of expert technicians 
that it becomes the method of treatment m e\er\ hill town m the State The 
lesults of that practice, even now, are not good There has been a lot of 
sepsis There have been a lot of cardiorenal difficulties, a lot of nonunion 
protrusion of nails, and all sorts of complications, including deaths under 
anesthesia or shortly afterwards Are these results published ? A well known 
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anesthetist, in Boston, came to Doctor MacAusland and asked “Wliat am I 
going to do ? Every patient who is nailed takes 2)4 hours to operate upon , 
many die and I cannot stand it What shall I do ? ” “Carry on, if I were 
you,” Doctor MacAusland said “You have a good job ” 

MacAusland recalled the case of a Hanover Professor who was nailed and 
was repoited as having obtained union, and represented an especially fine 
result At the end of thiee years the man was walking with crutches, having 
pain, had nonunion, and he could feel the nail rattle around m his hip There 
was of couise a consultation and Doctoi MacAusland said “It is a nonunion, 
the nail should be taken out and he should have some type of reconsti uction 
peifoimed” That upset the family and the whole apple cart There was 
another consultation No wondei Roentgenologic examination was said to 
have shown trabeculae of bone growing across between the fragments This 
was at the end of three years What nonsense 1 Operation was imperative, 
and at operation when Doctor MacAusland made the incision the nail fell out 
on the flooi, and of course there was no sign of union Why such a report 7 

Doctor MacAusland said that, although heartily m sympathy with the 
method, he was not yet convinced that it was the only method, or that the best 
technic had been developed He expected to use it more than he has been 
doing, but was going about it veiy cautiously He expressed himself as very 
definitely against the wholesale teaching of this method, however, as a “cuie” 
for fractured lnps because it isn’t so, and the statistics that have been reported 
thus fai aie not any bettei, and some not as good, as those obtained by con- 
servative treatment, and mail)'' ai e not true reports 1 

Some few years ago Doctoi MacAusland happened to go on a cruise in 
which there was a symposium on the tieatment of tuberculous joints The 
speakeis were very carefully selected They all had the same mind as to what 
should be done The only question was who could get them first and fuse 
them He listened to this symposium for one and one-half or two hours, and 
said that he was very glad to have heard the papeis, but felt perfectly sure 
that Doctoi Biadford, his old Piofessoi at Haivaid, and an advocate of 
conservative treatment, must be turning ovei, face downward, in his grave if 
he could heai It didn’t seem jiossible that such ti eatment could be advocated 
m such a wholesale inannei in eveiy case, and Doctoi MacAusland feared that 
he must say the same thing about fractuied neck of the femur He was 
definitely opposed to any open opeiation on patients 8o, 85, 90 or 95 years old, 
that takes so much time and has many pitfalls He still believed the abduction 
methods have a veiy definite place Ceitain foims of new traction methods 
have promise, while lie would not care to report his results with this new 
method as yet, it is ceitainly as satisfactory as any other proceduie and it is 
distinctly more simple 

Dr Preston A Wade (New York, closing) remarked that with one fact, 
apparently, eveiyone was m agieement, namely, that subcapital fiactures, 
impacted in the valgus position unite legardless of what form of treatment 
is employed Answering Doctor Gordon’s question as to what method he 
would advocate, since he felt the Whitman method w r as unsatisfactoiy, Doctor 
Wade said he w r as not advocating any operative method at the present time, 
because he had not had a laige enough series of cases to prove that operative 
methods w r eie more satisfactory than the oldei procedures At the present 
time mam suigeons aie trying out various operative methods, as indicated in 
recent literature — reconstruction operations, pins, Smith-Petersen nails, etc 
Even Leadbetter states that he is now r performing internal fixation in 75 per 
cent of his cases 

In reporting this series of very pool results following employment of the 
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Whitman method, Doctor Wade said he meant no disiespect to Doctor 
Whitman These cases were treated by 31 different surgeons, and it is helpful 
to repoit their results Doctor Sauer’s report of results of treatment in these 
cases at City Hospital included the cases which received pi unary tieatment 
from many of the othei hospitals 111 the City Many of these cases were 
transferred to the City Hospital during the period of immobilization They 
lemained at City Hospital for long periods of time, so that end-results were 
seen 

Dr Herbert M Bergamini (concluding) quoted the following poem 

The Smith-Petersen Pin* 

A great aunt of mine, 

Of age sixty-nme, 

Admittedly rather a dreamei , 

One day in her flat. 

Fell over the cat, 

And fractured the neck of her femui 

Doctor Whitman w^as called, 

Who at once was appalled 
And made ready to put on a cast 
Although a relation, 

A new consultation 
I lequested without being asked 

It was held the next day, 

And on the x-ray 

The bone was in fair apposition 

So they seized the old dame, 

Stiapped her on a hard fiame, 

As they did in the French inquisition 

Soon that gieat aunt of mine, 

Like an old porcupine, 

All tied up with bandage and lope, 

Lay bustling with pins 
While I for my sms 
Supplied the appi opriate dope 

In short she got well, 

And I shudder to tell 

Any facts that are not sti ictly ti ue , 

She’s amazingly supple, 

And one of a couple 
Of tap dancers m a levue 

If you’re one of the number 
Who, dancing the rhumba 
Or after a surfeit of gm, 

Fall like my relation, 

W ithout hesitation 

Demand a Smith-Petersen pm 

* Author unknown Original source from a patient who found it somewhere 
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BRIEF COMMUNICATIONS 
AND CASE REPORTS 

PARATHYROID TUMOR 

REPORT OP TWO CASES 

Arthur S McQuillan, M D 
New York, N Y 

Case i — M C , female, age 46, married, born m Poland, was admitted to Bellevue 
Hospital October 28, 1932, and was discharged November 10, 1932, with a diagnosis of 
nodular goiter (adenoma of the thyroid) 

Chief Complaint — Swelling on the outer aspect of neck Family Histoiv — Negative 
as far as goiter was concerned Piescnt Hist 01 y — This dated back 12 years, when 
patient noted difficulty in swallowing following childbirth Five years later she noticed 
a swelling in the right side of her neck which gradually increased in size It regularly 
became enlarged during menstrual periods There was no tachycardia, no difficulty in 
swallowing, no nervousness or tremor Patient had taken iodine off and on for the 
past year B M R was within normal limits Menstrual history was negative Patient 
had nine children, seven of whom are living 

Physical Examination — Well nourished woman of 46, good color, weight, 140 
pounds , pulse averaged 80 , blood pressure, 140/80 , lungs, negative , heart, normal m 
rate and rhythm corresponding with pulse, sounds of good quality, soft systolic murmur 
at the base In the region of the right lobe of the thyroid there was a swelling about 
the size of an orange, somewhat nodular, which moved with swallowing There was a 
high pitched bruit heard on the upper surface of the neck There were no tremors 
Urine negative Wassermann negative 

Opciation — November 1, 1932 Under gas-oxygen-ether anesthesia, what was 
thought to be the right lobe of the thyroid was found involved by a degenerated nodular 
mass, which was covered by many large veins It was, however, removed without diffi- 
culty The left lobe of the thyroid was found to be normal The postoperative diag- 
nosis was nodular goiter The wound healed by primary union and the patient was 
discharged from the hospital on the ninth day postoperative 

Pathologic E lamination — Doctors Slaughter, Rottmo and Symmers The gross 
specimen consisted of a mass of tissue 9x6 cm (Fig 1) There was a thin transparent 
capsule, the underljing tissue having a pink color There were many prominent veins 
On section the surface was smooth and homogeneous Microscopically, the mass was 
found to be composed almost entirely of oxjphil cells (Fig 2) Pathologic Diagnosis — 
Parathjroid adenoma 

The patient was later readmitted to the hospital where roentgenograms of the 
bones of the skeleton were found to be normal Blood calcium determination of 102 
and blood phosphorus determination of 4 2 were within normal limits Phosphatase was 
not determined 

Since operation, this patient has remained m excellent health There has been no 
recurrence of the tumor A recent examination showed normal values for calcium, 
phosphorus and phosphatase 

Submitted for publication March 28, 1938 
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The majority of parathyroid tumors reported in the literature ha\e been associated 
with bone and blood changes Also, most of the tumors reported are of the clear cell 
tvpe rather than the oxyphil type as shown in this case 

The case is presented to lllustiate a parathyroid adenoma made up almost 
wholly of oxyphil cells, m whom both the bones and blood chemistry tvere 
normal 

Case 2 — A S C , female, age 53, single, was first examined in July, 1935, at 
which time a swelling was noted involving the right thyroid region This had first 
been noted by the patient two years previously and had been increasing slowly There 
was a history of nervousness and fatigue over a period of several years There had 
been no loss in weight or any complaint of cardiac disturbance 



Tig 1 — Case 1 Photograph of the gross specimen Note the capsule in left marginal area 
Fig 2 — Case 1 Photomicrograph of a section of the parath%roid tumor showing the cells 
well outlined, and the cytoplasm granular and o\yphihc Note the absence of clear or chief cells 


Physical Examination showed a two-inch nodule with a small area of what was 
thought to be calcification along the inner border, involving what appeared to be the 
right lobe of the thyroid gland The weight at this time was 109 pounds (no loss) , 
pulse, 80, and regular, blood pressure, 110/80, B M R, — 14, which might be con- 
sidered a low normal Diagnosis — Nodular thyroid (or adenoma) 

A diagnosis of nodular thyroid (or adenoma) was made, and operation for excision 
of this tumor was undertaken August 24, 1935 

Opciatxon — August 24, 1935 An encapsulated tumor the size of a golf ball, and 
firmly adherent to the trachea, was found, which apparently involved the right lobe of 
the thyroid gland In order to facilitate the removal of the tumor, it was necessary to 
excise the entire thyroid lobe On section, the well developed capsule was strongly 
adherent to the tumor tissue, which was of the consistency of liver and had a yellowish- 
gray appearance It was quite evident that the tumor was not a simple thyroid nodule 
(or adenoma) 

Pathologic Examination — Dr H R Muller Gioss — “A spherical mass, about 
the size of a golf ball It is covered with a thin fibrous capsule The consistency is 
rubberv, but not very hard The cut surfaces are homogenouslv pinkish-gray In one 
portion is some calcified material Mia oscopic — The tumor is composed chiefly of very 
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Tig 3 — Case 2 (A.) Showing the lawless arrangement of cells Note the predominance of cleai cells with small nuclei The darker stained cells 

are o\>pliihc (B) Note the predominance of clear cells 

Tig 4 — Case 2 Section of the metastatic nodule attached to the, extern il jugular \etn Note the presence of boh clear and oxjphilic cells, also 
nmsion of the capsule 
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large cells, with clear, shghtlj foam) cytoplasm and with a single small round compact 
nucleus The outlines of the cells are distinct Mail) cells show an area of pinkish 
material occupying a portion of the cell A delicate connectne tissue reticulum, bear- 
ing capillaries, runs around small groups of these cells or acts as a supporting structure 
In some portions the cells are small and \en acidophilic, but with the same histologic 
structure There are also areas of necrosis The capsule around the tumor xaries m 
thickness, being very thin m places Outside of the capsule, in one section, is some 
thyroid tissue consisting of moderate!) dilated acini filled with colloid and Jiaxing a low 
cuboidal epithelium The structure of this tumor is unusual and suggests an adenoma 
of the parath)roid (Fig 3A and B ) Pathologic Diagnosis — Adenoma of paratlnroid” 
Calcium and phosphorus determinations, as w'ell as skeletal roentgenograms, were 
then made and found to be normal 

Subsequent Com sc — The patient made a good recover), gained weight, made no 
complaints, except for occasional painful joints, until August 27, 1937, two )ears follow- 
ing operation, at w r hich time there appeared a slight fulness in the right side of the neck, 
and the presence of a small, hard nodule, apparenth imolving the skin and subcu- 
taneous tissue adjacent to the right external jugular vein on a lex el with the tlnroid 
cartilage Physical findings w r ere otherwise negatne There was no loss of weight 
On September ro, 1937, this small nodule was excised under nmocain It was found 
attached to the external jugular vein The tissue was friable and gray in appearance 
Pathologic Examination — Dr E S L’Esperance Gioss — “Specimen is an irreg- 

ular, ragged mass of yellow and grey soft tissue, two centimeters in greatest diameter 
Mici oscopically, the sections show' a partially encapsulated tumor composed of cells 
resembling those of the adrenal cortex The cells, for the most part, are large with 
round or oval vesicular nuclei A few' have opaque eosinophilic c\toplasm There is a 
tendency to glandular arrangement (Fig 4) Pathologic Diagnosis — This is probabl) 
an adenoma of the large cells of the parathyroid It does not appear to be highly ma- 
lignant ” 

Subsequent Com sc — On December xi, 1937, after roentgenotherapy (four treat- 
ments) there w'as not only a recurrence of the nodule at the site of excision, but there 
w r as found another small nodule on a slightly higher le\el and nearer the median line 
of the neck, apparently lying superficially in skin and subcutaneous tissue 

On December 31, 1937, roentgenologic examination of the complete skeleton was 
found to be normal, as w r as a recent determination of calcium (107), phosphorus (33), 
and phosphatase (27) 

This case is presented as an instance of a malignant tumor of the para- 
thyioid gland, the malignancy based on metastasis rathei than on individual 
cell charactenstics Theie vveie no abnoimal bone 01 blood chemistry find- 
ings in association with this tumor, whicli is conti aiy to some of the reported 
cases 

Discussion — Dr Emil Goetsch (Brookljn) felt that Doctor McQuil- 
lan’s cases repi esented anothei confusing syndiome Here patathyroid tumors 
were found but theie were no associated changes in the bones such as one 
might be led to expect The gieat size of the parathx loid tumors was cei tamh 
unusual, the first being about the size of an orange the second of a golf ball 
Doctoi Goetsch cited a peisonal expenence he had many xears ago with a 
paiathyioid tumor, at least it was so considered after careful studies a* large 
as a grapefiuit, which caused paroxysms of coughing due to tiacheal com- 
piession Calcium studies were not made at that time 

In Doctoi McQuillan’s first case, the histologic section resembled xen 
much the appearance of a thjioid adenoma In the second ca^e the tissue 
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was cleaily that of a parathyioid gland The failure to find incidental bone 
changes is usually important, and may point to a diffei entiation m the function 
of the two mam types of cells occurung m the parathyroid gland 

Dr Henry L jArrE (New York) said that a numbei of tumors, similar 
to those found in Doctoi McQuillan’s first case, had been described during 
the last few yeais namely, enormous oxyphil cell adenomata of the para- 
thyroid The fact that the cytoplasm of the adenoma cells is oxyphilic is 
offered as the explanation of why these tumors do not demineralize the skele- 
ton, that is, they apparently do not secrete paiathoimone It would be of 
gi eat importance to assay such tumoi s foi the presence of parathormone One 
really does not know whethei these tumoi s are parathyroid tumors or not 

Dr Arthur S McQuillan (New York) closing said, in connection 
with his first case, which Doctoi Jaffe discussed, that Keynia, in the British 
Journal of Suigeiy, Octobei, 1936, descnbed a case essentially similar, which 
was made up almost entirely of oxyphil cells, and which evidenced no signs or 
symptoms of hypei parathyi oidism Keym a cited four other somewhat similar 
cases and suggested, as did Doctoi Jaffe, that possibly these cells are inactive, 
with low function of secietion and, theiefoie, one should not expect bone 
changes 

With legard to malignant tumoi s of the paiathyioid gland, Doctor Mc- 
Quillan said he had searched the hteratuie and could find only 19 cases of 
pi oven malignancy of the paiathyroid gland and not all of these were proved 
by metastases Diagnosis in some was made on the cell moi phology, which 
is consideied difficult, as is the tissue diagnosis of caicinoma of the thyroid 
gland All of the 19 cases, except two, did not show any changes in the bones 
01 blood chemistiy The Mayos lepoited a case, in 1929, of malignancy of 
the parathyroid gland associated with bone and blood changes They later 
lepoited a case, in 1934, showing the same changes, and in both cases the 
diagnosis of malignancy was made on cell morphology and not on the piesence 
of metastasis 


THE TREATMENT OF ACTINOMYCOSIS WITH THYMOL * 

Frederick W Bancroft, M D , and M Stanley-Brown, M D 

New Y'ork, N Y 

In reviewing the hteiatuie lelative to the incidence and methods of 
treatment of actinomycosis, the following was found An analysis of 500 cases 
showed the distribution of the lesions to be head and neck, 55 per cent, 
thoiax, 20 per cent, abdomen, 20 per cent, and it had occurred in the lower 
jaw incident to canes of the teeth Actinomycosis pioduced the following 
types of lesions in the legion of the appendix (1) Painful tumor, (2) gan- 
grenous appendix, (3) peifoiation of the cecum 

Actinomycosis is thought to be conti acted fiom chewing stiaw, wheat or 
ne Various treatments have been tiled Potassium iodide in doses up to 120 
gi or more , wet dressings of copper sulphate ^2 to 2 per cent solution , deep 

+ Presented before The New' York Surgical Society February 23, 1938 Submitted 
for publication April 11, 1938 
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i oentgenotherapy has been of advantage m some instances Gautiei, in 
France, has developed an electrotechnical method of therap) He inserts two 
platinum needles into the infected aieas which act as poles between a constant 
current of 50 milhamperes, and at the same time 10 pei cent potassium iodide 
is injected continuously by the drop method into the mass The cunent de- 
composes this solution into nascent iodine and potassium 

In the piesent instance, 1 oentgenothei apy was finally decided upon This 
had not been consideied befoie because of the possibility of adding stenhza- 
tion to the othei tioubles of the patient Just before the tieatment was to be 
instituted, Dr H B Myers, 1 of Portland, Oregon, published an aiticle de- 
scribing the use of thymol as a specific for actinomycosis m which he advised 
adequate surgical drainage of the local lesions and a packing of 10 to 25 per 
cent thymol 111 olive oil and tolei ance doses of the crystals b} mouth to pi event 
the spread of the disease to othei parts of the body 

Case Report — Hospital Chart No 61057 A F, white, female, age 20, was admitted 
to the City Hospital, New York, complaining of discomfort 111 the right lower abdominal 
quadrant and the presence of a persistent sinus which opened into the scar of the preuous 
appendicectomy wound 

Picvious Htstoiy — In 1933, the patient, age 15, had been operated upon at the 
Wyckoff Heights Hospital, Brooklyn, N Y, for acute appendicitis, but the wound ne\er 
healed 

Postopciatwc Diagnosis — Gangrenous appendicitis with local peritonitis It has 
not been possible to obtain a pathologic report of the appendix 

Subsequent Cow sc — In December 28, 1936, she was again operated upon at the City 
Hospital, N Y, by Dr Ward Renfrew, and the sinus tract dissected out and an ovarian 
cyst removed The wound healed, but one year later, December 28, 1937, she was read- 
mitted with a preoperative diagnosis of acute osteomyelitis of the crest of the ilium 
This area w'as incised and drained Pathologic examination of tissue removed showed 
actinomycosis The wound continued to drain and the patient was given large doses of 
potassium iodide — up to 120 gr a day On March 30, 1937, an abscess in the abdominal 
wall, 111 the region of the McBurney incision, w'as opened, but never healed 
She w'as first seen by our service on April x, 1937 

Physical Examination — The patient w'as thin and emaciated, lying in bed with her 
right knee drawn up and the right thigh flexed on the abdomen Weight 70 pounds 
She was very apprehensive and frightened A draining sinus was present at the lower 
end of her appendix scar, with marked tenderness and induration around it Over the 
crest of the ilium there was a broad wound covered with sluggish granulations 

Opctatwi 1 — April 16, 1937 Following a transfusion, the sinus tract leading down- 
ward from the lower end of the scar of the McBurney incision was explored Boggy, 
granulation tissue was found throughout and the femoral vessels were embedded in it 
The tissues bled very freely and the hemorrhage w'as hard to control She was sub- 
sequently transfused twice because of a severe hemorrhage which occurred at the time 
of the primary dressing No improvement followed 

Second Opeiation — May 13, 1937 This same area was dissected out, only more 
extensively It was found necessary to ligate and sever the femoral artery and \cm 
above Poupart’s ligament in order to eradicate the imohed tissue The wound ex- 
tended down to the space of Retzius An area in the thigh, below Poupart’s ligament, 
w'as also opened and drained Notwithstanding the ligation of the femoral -vessels, there 
W'as never any sign of disturbance in the circulation of the leg She nearly died during 
the above operative procedure and had to be transfused immediately postoperatnely 
Postopciatwc Cow sc — The patient became progressn eh worse She could not 
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eat, cried almost constantly from pain, and showed a complete loss of morale During 
the last week in May, 1937, her condition had become so serious that roentgenotherapy 
was considered However, just at this time the article by Myers 1 appeared, suggesting 
the employment of thymol This treatment was immediately instituted, June 2, 1937, 
and the sinuses were packed with 20 per cent thymol in olive oil She received 10 gr 
of the crystals every other day Larger or more frequent doses produced a gastro- 
enteritis On June 20, 1937, and again on September 8, 1937, areas of infection in the 
outer side of the thigh were opened and packed At the first operation it was found 
that’the sinus tract at the lower end of the McBurney scar also opened into the pos- 
terior vaginal fornix 

Results of Thymol Thciapy — The change in the appearance of the sinus tracts, 
after packing with thymol, was lemarkable In a very short time they had lost their 
“drippy,” dirty appearance and the granulations became pink, dry and clean From week 
to week healing could be seen, especially in the sinus tracts treated with thymol after 
they had been freshly opened and drained The temperature dropped immediately After 
the operation on June 20, 1937, her progress was very steady She got up in a wheel 
chair and then walked with crutches As soon as she was able, she was sent daily 
to Occupational-Therapy and allowed out all day in the sun By September, 1937, the 
contraction in her knee had disappeared and she walked normally with full range of 
motion She has had Alpine light treatments three times a week and transfusions when 
necessary to keep her hemoglobin within normal range At present, her sinus Tracts 
are closed except for three A small one on the anterior surface of the thigh, one on 
the outer side of the thigh, and the pelvic one which has healed a great deal during the 
past month She has a tender, swollen area on the inner side of her thigh which will 
have to be opened soon, probably an extension of the disease through the obturator 
foramen along the adductor group of muscles 

The general condition of the patient is good Her weight is now 107 pounds, a gain 
of 37 pounds This new abscess is localized, and certainly the outlook for its eradication 
by the use of thvmol is very much better than it would have been a year ago when her 
condition was so poor and there seemed to be no prospect of staying the progress of the 
disease The red blood count averages about 3,500,000, the hemoglobin between 55 and 
75 per cent The white blood count has averaged about 15,000 with 74 per cent poly- 
morphonuclears The urine, which during the acute part of her illness showed albumen 
and casts, has now cleared almost entirely and shows only a faint trace of albumen 
This fall, her menstrual periods, which had stopped for seven months, began again and 
are quite normal 


SUMMARY 

(1) In the case heiewith teported, great benefit was derived from the use 
of thymol by mouth and thymol in oil packed into the wounds after adequate 
suigical diainage has been established 

(2) No benefit has been derived by the excessive doses of potassium 
iodide 

(3) The immediate drop in temperature after the administration of 
thymol, and the later gam m weight, have been evidences of the therapeutic 
value of thymol 

(4) It is obvious that the patient is not cured, but her condition is cer- 
tainly vastly better than it was before the administration of this agent 
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Discussion — Dr Thomas H Russell (New York) cited the following 
case A white. Jewish male, age 28, w r as opeiated upon m Flonda foi a rup- 
tuied appendix He felt well foi a few weeks, but then his temperatuie rose 
and a diagnosis of subphiemc abscess rvas made and the abscess drained He 
impiored, but fom months latei because of a tempeiatuie of 102° F the 
subphiemc abscess was reopened and diamed Following this his tempera- 
tuie did not come down to noimal, and he rvas admitted to Nerv Yoik Post- 
Giaduate Hospital foi leexploration of the subphiemc abscess At operation, 
Januau 20, 1937 the subphiemc aiea was exploied No pus was found but 
a modei ate amount of neciotic mateiial was lemoved from the sinus and 
subphiemc aiea Since then theie has been a small amount of dischaige from 
the tiact Sci apings fiom the sinus tiact levealed puiulent exudate with 
associated colonies of actmoimcosis Gastio-mtestmal 1 oentgenologic studies, 
Februiair 10 1938 lercaled a rathei nariow, constncted teiminal ileum, 
somewhat segmented suggesting cluonic hr peiti opine changes 111 this seg- 
ment Roentgenograms ot the lung shorved subphiemc pathology, moderate 
lung leti action on the light side with fluid at the light base, and a partial 
hrdiopneumothorax Foi the past six dars the patient has been treated rvith 
tin mol taking 2 Gin dailr by mouth and the sinus being nrigated with 15 
pei cent tin mol solution in olive oil 

Dr Vllen O \\ hipple (New Yoik) said that be had had one patient 
who was prormg a rei} mteiestmg pioblem who had a very diffuse distribu- 
tion of actinomr cotic lesions The difficult} rvas that he had had a numbei 
of theiapies instituted, as is so often the case in these despeiate lesions, and 
it was rcrr difficult to deteimine just which therapy had had the most pio- 
nounced effect Tin mol legunen would hare been pushed much moie vigoi- 
ouslr had the patient toleiated it better Tolerance should be determined, as 
some patients arc quite mtoleiant to the laige doses employed There are 
sereial wars of adimmsleung tin mol Taking it hr mouth upsets some 
patients so that ther cannot take food The case just refen ed to was up and 
about rr ith a new focus, and lie thought the excellent 1 csult lai gely due to the 
indefatigable and constant attention of the house surgeon who had really done 
a remarkable piece of woik 111 keeping aftei the patient Undoubtedly thymol 
has a rerv real place in the theiapy duected against this condition 

Dr M Stanley -Brown (closing) said that in Di H B Meyers’ de- 
scription of the use of thymol there was one case included, m the six lepoited, 
which did not tut 11 out farorablv because the patient could not toleiate the 
thymol by mouth The local lesion cleaied up but the patient developed 
actinomycosis of the lung fiom which he erentually died Wheie the thymol 
is toleiated it seems to woik veiy rvell Doctor Meyers stressed the point that 
the affected aieas must be opened, afioided adequate surgical diamage, and 
packed with thymol in olive oil to gire the best lesults The patient presented 
rveighed 70 pounds rvhen hist seen, and had been in the hospital for several 
months with no change Aftei th)inol was instituted she gained rveight and 
her temperature di opped , it would seem to be the effect of the thymol therapy 
that brought about the impiovemcnt She tolerated 10 Gm every othei dav 
but if this amount was increased some difficulty rvas expenenced 
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REVERSED COLLES’ FRACTURE 


Leeman E Snodgrass, M D 
Philadelphia, Pa 

There is a discussion in the literature, Webb and Sheinfeld, 1 Raymerg 
Bettman and Tannenbaum, 3 Wood, 4 Gieeley and Hobart, 5 on the question of 
whethei or not reversed Colles’ fiactuie can be i educed and held, without 
resort to open opeiation It has been of intei est to study the photographs 
published by these authois, m conjunction with the five cases, shown in 
Figures i, 2, 3, 4 and 5, fiom the Episcopal Hospital records 


Fig 



1 — B R nge n Greenstick fncture in distal end of dnphysis with slight 
palmar displacement of fragment A true reversed type 


It is impoitant for the piopei undei standing of this lesion to lealize that 
we are dealing with two lathei distinct conditions Some of them are true 
leversed Colles’ fiactuies, others are antenor fiacture-dislocations of the 
wrist The true reversed Colles’ fracture is very well shown in Greeley’s 
and Hobart’s 5 Figure /B, in which dislocation is absent, and m which the 
fragment is displaced at an angle to the shaft The fracture-dislocation type 
is equally well shown in their Figure 1, 111 which the wedge-shaped fragment 
from the lower lip of the aiticulatmg sui face of the ladius is approximately 
parallel to the anterior suiface of the shaft It has been forced proximally 
av, ay from the line of the radiocarpal joint Comminution of the fragment 
may produce an intermediate type, as shown in Figure 4 

Submitted for publication October 22, 1937 
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This fiactui e-dislocation bears some lesemblance to fiactuie of the dorsal 
lip of the ladius Both of these lesions lepiesent fiactuies of overhanging 
bom lips The difference in the two is to be found in the fact that the dorsal 
lip of the ladnis ovei hangs the ladiocaipal joint, while the anterior lip is 
appi oximateh flush with the articulating suifaee, but ovei hangs the anterior 
surface of the shaft of the ladius These two lips protiude approximately 
at 1 lght angles to each other 



Tig 2 — D O, age 13 Epiphjseal separation antcnorh A true reaersed tjpe 

In fracture of the antenor lip, the integnty of the joint is destioyed, and 
the carpus is easily displaced along the antenor surface of the shaft In 
fracture of the dorsal hp, it is lare for dislocation to occur, because of the 
intimate relationship which the stiong flexor tendons bear to the anterior 
surface of the carpus These tendons turn shaiply about the lower end of 
the radius in dorsal flexion, and unless the entile low^ei end of the radius is 
fractured and displaced, the carpus cannot be forced dorsally while m dorsal 
flexion A dislocation of the caipus in dorsal hp (Barton’s) fractuie would, 
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Tig 3 — E W, age 13 


Epiphyseal separation anteriorly A true reversed type 



Fig 4 — I B , age 67 An intermediate type The anterior lip of the radius is 
broken off but the fracture line also passes complete!} through to the dorsum This 
intermediate tjpe is formed b\ the comminution present 
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of necessit), be at a light angle to the tendons In the antenoi fracture- 
dislocation, the dislocation is in line with the tendons and the fragment can 
slide along them 

The closed 1 eduction and fixation of fiactuie-dislocation is conceivably 
moie difficult than it is in the case of the tine leversed Codes’ fracture 



Tig 5 — M G age 45 Anterior fracture dislocation of the wrist The frag 
ment is parallel to the shaft ot the radius The anterior lip of the radius is fractured 
and dnecn pro\itnalh 
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MEMOIR 

EDWARD MARTIN 

1859-1938 


Doctor Edward Martin, the youngest son of Jonathan Willis and 
Malvina Regester Martin, was born in Philadelphia August 14, 1859, ar *d 
died in the same city, March 17, 1938 His preliminary education was ob- 
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tamed m the public schools of this city and foi a slioit period at Central 
High School He attended Swarthmoie College foui yeais, ranking first 
or second in all classes and was elected to Pin Beta Kappa He was graduated 
in 18/S, Magna cum laude, obtaining the degiee of A B at that tune and 
latei (1SS2) A M and (1920) D Sc from this college He was giaduated 
from the medical school of the University of Pennsylvania in 1883, from 
which institution he latei leceived the degiee of LL D , and seived as assist- 
ant to Dr D Ha}es Agnew and latei to Di J William White For a 
few years he piacticed medicine and then de\oted his time to woiking m the 
fields 111 which he ultimately specialised — gemto-uiinaiy and geneial surgeiy 
He was a prolific writei, being the authoi of se\eial authoritative text-books 
on surgical subjects, sections foi medical systems, editor of the Umveisity 
Medical Magazine and Suigical Editoi of The Theiapeutic Gazette, as w r ell 
as the authoi of lnnumciablc papeis lead befoie various medical societies 
and associations He was a tine teacher, with the ability to so present his 
thoughts that he indelibly impiessed them upon his hsteneis 

His lot alt} and affection to Sw’aithmore College and the Umveisity of 
Penns) lvania were outstanding — nothing that he could do ever seemed to 
be enough, 111 lus estimation, to iepa\ these two institutions foi wdiat they 
had done foi him He woiked mdefatigabh foi them m every way that 
he could Ills motto was “The Best Is Yet to Come”, and with this m 
\iew r he woiked and planned to the last foi woi k in the Edw^aid Mai tin 
Biological Laboratory at Swarthmoie, which laboiatorj was leally a tubute 
to the lasting fuendship existing between Mi Fred M Kuby and Doctoi 
Martin, and was made possible by Mr Kilby’s geneious million dollar gift 
for this puipose 

Another permanent memorial to this friendship w r as the Kuby Fund, 
founded bv Mr Knb\ foi the benefit of students who needed financial aid 
to complete then medical course It was instituted aftei Mi Kirby heaid 
Doctor Martin tell of a student who tued to woik his w r ay thiough medical 
college and died in the eftoit Under this Fund students w^eie enabled to 
borrow such monei as the} lequiied, paying it back to the Fund as soon 
as they became able to do so He helped financially, and through lus in- 
fluence obtained scholarships foi moie than one young man — and these men 
have since achieved success in the medical and other piofessions, thanks to 
lus efforts and encouiagements 

He was a pioneei in many lines — prioi to the Wnght hi others’ achieve- 
ments, he and Dr Paul Chambeilm conducted a numbei of experiments to 
prove air flight possible He also w r as intei ested m the Eastman Kodak 
Company from a teaching standpoint and made several tups to their plant 
m Rochester, N Y , to supeivise the taking of educational films — one of 
which dealt with appendicitis — to be used in the medical schools He was 
a pioneer 111 the use of the lantern slide and latei movie films for student 
teaching 

He w'as the fust man in the Umveisity of Pennsylvania Hospital to use 
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morphia after an abdominal operation, and to Doctor Martin we owe the 
deep breathing exercises to prevent postoperative pulmonary complications, 
which practice has withstood the test of time and is today used even more 
commonly than COo inhalations He early practiced the “no-touch” or instru- 
ment technic m surgery, using white cotton gloves as telltales on the offender 
Gentleness in the handling of tissue was his continual admonition 

In all things, Doctoi Martin believed m pieparedness, and this, with his 
ideas on loyalty, honesty of purpose, kindliness, tactfulness and consideration 
in the handling of his patients, constituted his creed He was honest with 
himself and others m all his dealings, a strict disciplinarian, yet most charit- 
able to the failings of otheis 

Doctor Martin had many allied activities m public enterprises It was 
through his efforts that typhoid fever was stamped out during the Spanish- 
American War, he was Director of Health and Charities in Philadelphia 
under Mayor Weaver, fiom 1903 to 1905, Commissioner of Health m 
Pennsylvania, from 1918 to 1923, under Governoi William Sproul (a class- 
mate of his at Swarthmoie) , he inaugurated the Traveling Dental and Pre- 
natal Clinics, did special woik regarding syphilis and gonorihea, instituted 
the use of toxin-antitoxin foi pieschool age children, and of antitoxin early 
111 diphtheria, was lesponsible for schools of instruction held one week each 
summei for State Inspectors The Philadelphia Health Council and their 
good work against tuberculosis are the result of his efforts 

Since 1885, he was a membei of the Board of Managers of Swarthmore 
College, a member of the Board of Education, since 1911, and its President 
at the time of his death He was elected Clinical Piofessor of Surgery at 
the Women’s Medical College of Pennsylvania, m 1902, resigning after 
several years He was Piofessor of Clinical Surgery at the University of 
Pennsylvania, 1903 to 1910, and John Rhea Barton, Piofessor of Surgery 
at the same institution, from 1910 to 1918 He also seived the University 
of Pennsylvania as Professoi of Surgical Physiology He was Chief Surgeon 
to the University of Pennsylvania and the Howard Hospitals, fiom 1910 
to 1918, and consulting surgeon to Bryn Mawi Hospital, Norristown State 
Hospital for the Insane, State Hospital for the Insane at Wernersville and 
the Philadelphia General Hospital 

He was a Fellow and Regent of the American College of Surgeons and 
former president of the Clinical Congress of Surgeons, a member of the 
American Philosophical Society, American Surgical Association, Clinical 
Society of Surgeons, American Association of Genito-Unnary Surgeons, and 
of several foreign surgical societies, as well as the local state and county 
organizations Incidentally, he was a member of the Philadelphia County 
Medical Society foi 54 years and leceived a framed certificate to that 
effect which he prized very highly In 1935, Temple University conferred 
on him the degree of D Sc 

Doctor Martin’s r\ar record coveied a period of many years, he having 
been a Reserve Officei for some years and in the O R C several years be- 
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foie the Woild Wai His active sen ice in the Woilcl Wai began m 
Philadelphia Janttaiy i, 1918, although he had been a membci of the Medical 
Section, Council of Defense, fiom the beginning of the wai He was lieu- 
tenant, majoi, lieutenant colonel, colonel, iesci\c officei of the Woild War 
364th Medical Regiment. O R C , U S A , Regimental and Bugadc Suigeon, 
Spanish- American Wai, Suigeon and Majoi in Thud Regiment National 
Guard of Penns} Ivania foi 12 }eais in the eaily nineties, Dnecloi of School 
of Suiger}, Foit Oglethorpe, Ga , also Chief of Suigical Section of Hos- 
pital He i\as the first dircctoi of Base Hospital No 20 of the Univeisity 
of Penns) lvania , how e\ ci . he was soon called hack to Washington, being 
succeeded b\ lus assistant, Dr J B Cainett. who cairied it to its fiuition 
Doctoi Mai tin was Chan man of States Committee. .School of Smgeiy, Um- 
iersit} of Penns} Kama, for Medical Officei s of the Aimy, Duectoi of 
Piofessional Seiuce and Suigical Chief. Waltei Reed Hospital, Chan man 
of States Committee, Advisory Boaul Medical Section Council of National 
Defense He w r as honoiabh discharged fiom the seiwce Januaiy 27, 1919 

Athletics alwais amused his gieatcst enthusiasm He was on a win- 
ning ciew of the Univeisit} of Penns\ lv.mia 111 the eighties pla_\cd tennis 
fished, and in latei ceais was an ardent golfci At the close of the football 
season he acted as host to the entire football squad of Swaithmoic College, 
giwng a traditional dinner at The Lamb’s Ta\ein with the mam featme on 
the menu being a suckling pig w ith a 1 eel apple m its mouth 1 

For a number of yeais, beginning 111 1903, Doctoi and Mrs Mai tin en- 
tei tamed cluldien fiom the ciU slums at Valle\ Farm, a shoit distance from 
their Orchard Farm The^e }Oungsteis weie exceptionally well cared foi 
during then sta\ and weie letuined to then homes after a mention of a 
week or two, Girl Scouts ha\c occupied a pait of Doctoi Martin’s farm 
for several )ears, lus cousin piesiding as hostess Foi the past 20 teais, 
Doctoi Martin spent Ins winters in Florida, lus summeis at Oicbaul Farm, 
Media, Pa, and about a month at his home 111 Giaefenbuig Springs m 
the beautiful South Mountain pait of the Blue Ridge chain There weie 
many deer lieie and he planned to gi\e this estate to the State as a game 
preserve aftei the death of Mis Mai tin and lumsclf 

He was a member of the Juiy, Ritlenhouse, Pine Valle} Golf, Rolling 
Green Golf and Seawew Golf Clubs 

Endowed wuth a keen, quick sense of lnimoi, Doctor Mai tin, wuth lus 
six foot one inch stiaight soldieily carnage and daik auburn ban, w r as 
much m demand among lus fi lends and piofessional colleagues, excelling 
alike as speaker, toastmasfei 01 host — he w r as ncvci at a loss for the appio- 
priate w r ord or expression in any situation He w r as exti aoulmarily clevei 
as a coi respondent and always kindly, sympathetic and helpful to those 
w r ho were fortunate enough to come m contact w r ith him He was quick 
to sense any possible talent in those m whom he w r as mteiested and w r ould 
do all in his powei to bring such talent to perfection The death of Ins 
wife last fall after many yeais of companionship was a great loss to him 
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And so lived a gieat man — a true seivant of the public — whose virtues 
often escaped the superficial observei as is tiue of so many of the world’s 
kindest and most helpful membeis whose sincerity and natuialness lead 
them to hide their real selves behind a “smoke screen” to escape embarrass- 
ing acclaim Of no one was this moie tiue than of that Hicksite Quaker — 
Edward Martin 

Eldridge L Eliason 
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TRANSACTIONS 

OF THr 

AMERICAN SURGICAL 
ASSOCIATION 

MEETING HELD AT ATLANTIC CITY, N J 
MAY 2, 3, 4, 193S 

ADDRESS OF THE PRESIDENT 

THE REIATION OF SURGEON AND HOSPITAL 

Arthur AY Eltixg, M D 
VlIUM X 1 

For thi: gicat lionoi and distinction which )ou conferred upon me last 
June in selecting me to be \our presiding officei upon this occasion, may I 
again express my smceie gratitude and appi eciation ? 

The prepaiation ot the address which }our piesident is expected to deliver 
has been ni) chief anxiety and concern duimg the past year In the hope of 
finding some inspiration from the thoughts of my 55 illustrious predecessors, 
I have earefull) perused their addi esses 

I find that in the mam they may he divided into tw r o groups Those in 
which purel) surgical topics have been discussed, and those 111 which some of 
the moie general problems confronting the suigical profession have been con- 
sidered It seemed to me that at the present time it might be more profitable 
to discuss some of the problems that belong m the latter group 

Much attention has fiom time to time been given to what should be the 
education and training of a surgeon, notably in the addresses of some of our 
more recent presidents To this at present little, if anything, can be added 
In all this thought and discussion as to zvhat should be the education and 
training of a surgeon, very little, if any, attention has been given to zuhere 
this can or should he accomplished Perhaps it has been assumed that we 
already possess enough hospitals of high standards m which these young men 
could he trained, or if not that they would soon come into existence A care- 
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ful survey of the hospital facilities of this countiy at this time demonstrates 
conclusively that both these assumptions aie fallacious 

There are at the present time in this country compai atively few hospitals 
wheie adequate training can be had and it will require much time, thought, 
organization and haid work to bring the standards and admimstiation of a 
sufficient number of hospitals to the high level lequired 

There would appear in general to be substantial agreement upon the 
bioad principles which should govern the basic tiaming of the surgeon as well 
as upon the more technical phases of the postgi aduate yeai s These ideas, prin- 
ciples and discussions may be said to have been largely responsible foi the 
initial action taken by this association tlnee years ago which led to the forma- 
tion of the American Board of Surgeiy If, however, the efforts of that 
Board and the splendid support which it has received from the surgical pro- 
fession aie to achieve the desned results, we suigeons must all of us give 
serious thought and untiling effort to the elevation of hospital standards to a 
level adequate foi such tiaming This is specifically the obligation of the 
leaders of American suigery, and if they do not do it, it will not be done 01 
at best will be poorly done They must assume the responsibility for the 
elevation and maintenance of the standaids of hospitals so far as surgery is 
concerned and must not allow it to be determined by oui legislatui es, state or 
national 

It is, theiefore, veiy impoitant that we immediately give serious attention 
to the pioblem of oui hospitals, which, in the last analysis, with their wards, 
operating looms, outpatient depaitments and laboi atones, are wheie the 
young medical man of today must be Gained to become the surgeon of 
tomorrow 

Is it not pioper and fitting that suigeons as a group should be the most 
interested and responsible members of the hospital staff ? 

Piactically speaking, the essential ongmal incentive for the development 
of hospitals came fiom the need of a place piopeily organized and equipped 
for suigeiy In the early days most of a hospital’s activity was connected 
with surgery, at a time when the othei blanches of the medical art were 
largely practiced in the home 

The demands of surgery and the financial returns to the hospital from 
suigical patients aie largely lesponsible for the remarkable development of 
hospitals which has taken place in this countiy since the birth of this associa- 
tion 59 yeais ago 

Since, therefore, we of the surgical profession have been so largely lespon- 
sible for the development of hospitals and since we and our patients piovide 
such a large part of the financial income of these institutions, should it not be 
oui pnvilege, as well as our duty, to take an active part in the management 
and dnection of the professional activities of our respective hospitals 7 

We know in general what the training of a surgeon should be and we are 
the only really competent persons to direct that training and to determine to a 
large extent what should be the hospital’s attitude toward that training 
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Unless we lecognize and adequately meet oui 1 esponsibility, the training will 
be ineffective and we shall be deiehct in our duty 

It is, I think, obvious that today we are living m a bureauciatic era, and 
it is my firm belief that the same buieauciacy, which most of us deplore, is 
gradually taking control of out hospitals, for even medical men are not alto- 
gethei immune fiom this infection 

We medical men aie not, by and laige, good business men As the finan- 
cial stiuctuie of oui hospitals has become larger and more complicated, the 
business man has played an increasingly moie important role As long as he 
has devoted his attention to the financial and business management, he has, 
on the whole, been of great assistance 

Theie is no occasion foi any conflict between the lay gioup and the pio- 
fessional gioup if each will lecognize and lespect the knowledge and experi- 
ence of the othei If, howevei, medical men m general, and surgeons m 
particular, aie not on their guard they will soon cease to play the important 
pait they should in hospital management 

Soonei than we may wish government, local, state or federal, will be 
called upon to gieatly mciease then conti lbutions to the suppoit of hospitals 
and with this will come an mci easing pai ticipation of government officials in 
hospital administiation and, if we aie not prepaied to guide and duect them, 
an increasing control of piofessional matters 

The most effective way to avoid this undesuable result is for us to take 
an ever moie active interest m detei mining the policies and dnectmg the 
professional affairs of oui hospitals To appieciate the dangeis ahead of us 
is to be prepared to successfully meet them 

The layman has lus spheie in hospital management and the professional 
man has his The “no man’s land” between these spheies is where both 
groups should seek a haimomous solution of then mutual problems 

Anothei of the most impoitant hospital pioblems of the moment is the 
development of a true spirit of efficiency and economy While a suigical 
department is, as a mle, a hospital’s most impoitant source of operating in- 
come, it is also a hospital’s most costly activity Hospitals m geneial, and 
surgical departments in paiticulai, are both extiavagant and wasteful, not 
from intent but because in our hospital 1 elationships from third or f oui th year 
medical student to chief of the Suigical Seivice we have never been taught 
to be or compelled to be economical The piactice of economy is never of 
sudden or spontaneous development but is lathei the developed habit of a 
lifetime, a habit possessed to a lemaikable degree by our forefathers but 
conspicuous by its absence in the American life of today 

As elder suigeons, it is oui duty to see that economical principles and piac- 
tices aie instilled into the minds of the young fiom the early days in the 
medical school so that later on they will become the habit of their professional 
lives 

There is not a suigical depaitment m any hospital m this country today 
in which there is not a large amount of waste of tune, materials and the many 
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othei items which make up the cost of maintenance of the department The 
surgeon and the nurse aie the outstanding ones who can effectively control 
this wasteful tendency and this can be accomplished by the development of an 
economic conscience m everyone who paiticipates in the operation of the 
surgical depai tment How many of the costly whims and gadgets with which 
surgical departments aie burdened are of any practical value 7 Simplification 
lather than complication of suigical piocedure should always be our aim 
Efficiency goes hand in hand with economy and true efficiency always means 
economy It has long been my thought that the watchwords of a hospital 
should be efficiency, economy and most important of all — humanity, and who 
bettei than the surgeon can teach and piactice this triad of virtues 7 

Another most important phase of hospital activity should be the develop- 
ment of a teaching atmospheie This, of couise, does already exist in a 1 da- 
tively small number of hospitals, especially those intimately connected with 
medical schools, but it does not exist in the great majority of hospitals 
throughout the land Unless this teaching responsibility is recognized and the 
opportunities piovided, how can adequate tiainmg for the surgeon of the 
future be had and Avheie can young men secure the tiainmg and experience 
to render them eligible for the hall-mark of surgery which the American 
Board of Suigeiy proposes to place upon them 7 

In addition to those hospitals which already affoid adequate facilities for 
such training, there should be many more such institutions m the near future 
scattered over our country What a boon this would be to both the public 
and the profession and what a stimulus to the thousands of other hospitals to 
advance then standaids This, it seems to me, is largely the duty of American 
surgeons and especially of the membeis of this Association who in their hos- 
pital relationships repiesent many more than the number of adequately 
equipped hospitals needed today to tiain the surgeon of tomorrow 

From the latest report of the Council on Medical Education and Hospitals 
of the American Medical Association it would appear that there are only 44 
hospitals in the United States which offer surgical sei vices of three years or 
moie From this report it is impossible to determine m how many of these 
44 hospitals the so-called intern yeai is included m the three years or more, 
but it is probable that it is included in a considerable number This indicates 
how inadequate at present the surgical service in all but a comparatively few 
hospitals is, to give the training now requued by the American Boaid of 
Surgery 

Concerned with 0111 immediate pioblems of the moment, are we, as the 
leaders of American surgery, sufficiently aware of our duties and responsi- 
bilities for the future, so that when the torch passes from our hands it will 
be grasped by men better prepared than we to carry it on to their successors 7 
Are we not devoting too much of oui thought and energy to our specific 
personal interests and too little to the institutions we serve 7 

Closely associated with the foiegoing, as one of the most important hos- 
pital problems, is the education and training of the nurse Of all the groups 
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of medical men, suigeons aie the most dependent upon the nuise, and it, 
theiefoie, behooves us to take an active pait in the detei initiation of what 
should be the education of the muse 

Veiy important changes aie being made in the basic education of the 
nuise, many of which aie excellent and many are not The great danger to 
musing as a piofession today, in my opinion, is that its duection and control 
aie laigely m the hands of women of gieat ciusading zeal whose minds are 
filled with fine theones but who often do not possess the practical knowledge 
and skill requited foi the tiainmg of efficient nuises The possession of a so- 
called degi ee m nui smg is cei tainly no guarantee of, or substitute for, a prac- 
tical knowledge of nuising 

Many of the theones and some of the piactices of the higher education 
foi nuises have much to commend them, but these theones and practices need 
careful study and cnticism and more than all else they need the constant 
duection of the medical mind and especially the mmd of the surgeon 

In geneial, it is assumed that the nuise woiks under the direction of the 
medical man who is at least supposed to know something about her function 
and should have an active participation m her education, which he certainly 
does not have at this time 

Adnuiable as may be the efifoits leading towaid a lughei education for 
nuises, what we surgeons, as w r ell as medical men m geneial, need is women 
w'ell ti amed to give adequate nui smg cai e to the patient, and it certainly does 
not requue foui 01 five yeais to give such training 

It has been my observation and expeuence that the quest foi so-called 
degiees in musing does not unpiove the quality of the service lendeied but 
tends to make the possessoi of such a degiee less efficient m the duties of the 
trained nurse and less qualified to unpait the practical knowledge of nursing 
to hei pupils Her thoughts aie too much occupied with educational themes 
and to little with the needs and caie of the sick 

Unless w f e are on our guaid, changes will be made in the education and 
practice of the nursing piofession which will ceitamly not be helpful to the 
patient or the physician and of veiy questionable value to the nurse The 
great dangei is that the nursing mmd, and the lay mind uncontrolled by the 
medical mind, will direct nursing education, with the lesult that the surgeon 
will have to take such nui smg piactice as is given him and try to like it 
It is, theiefoie, veiy important that w r e suigeons take moie active mtei est 
m the duection and control of nui smg education and management m the 
hospitals with wffiich we aie connected 

Hospitals and their management aie pnmanly and essentially the prob- 
lem of the medical man and we should gladly accept this lesponsibihty There 
is no reason why the medical man should have a single track mmd, and every 
reason why his mmd should bioaden to giasp and solve the piofessional prob- 
lems having to do with the institutions in which most of his life is spent 
and most of his activities employed 

As professional men we should make every effoit to preserve our liberty 
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of speech, thought and action and to lesist the tendency to an abndgment of 
these libei ties, no matter fiom what source it may come This can best be 
accomplished by taking an ever active and unselfish interest in the manage- 
ment of the piofessional affans of the hospitals and teaching institutions with 
which we are associated Unless we exeit ourselves, we shall ceitamly find 
the control and direction of our hospitals passing more and moie into the 
hands of others less well qualified 

Enough has been said and wutten by admimsti ative officials in Washing- 
ton to indicate that then thoughts and plans are focusing on national legimen- 
tation of medicine In peace as in wai it is an old axiom that a sound offense 
is the best defense In hospital affans, as m national affairs, we should evei 
stuve to be a self-govei ning people rather than a governed people 

The leadeis of American surgery have foi a long time believed that there 
should be some moie distinguishing evidence of the ability to practice sur- 
ge! y than the mere possession of a medical degree It was also fully realized 
that such standards of the ability to practice surgery should be determined 
by the profession and not by state or national legislatures It was the crystal- 
lization of this sentiment which led to the formation of the American College 
of Surgeons some 25 yeais ago It was believed that adequate tiaining of 
the surgeon was an absolute necessity, but it was also appreciated that proper 
opportunities for such training must be provided This resulted 111 an effort 
to suivey and standaidize the hospitals of the country, coupled with an un- 
tiring effoit to raise hospital standaids 111 the interest of the patient and also 
m older that better facilities for the training of the surgeon might be 
provided 

For many yeais inspection and grading of hospitals has been earned on 
more or less independently by the Amencan College of Suigeons and the 
Amencan Medical Association This inspection has brought about a marked 
improvement in hospital standaids and hospital service 

The Hospital Associations are also very much interested m this work 
and have given valuable assistance There would appear, however, to have 
been a duplication of effort in these activities and it would certainly be of 
great advantage if all these activities could be combined under the cooperative 
guidance of one group composed of 1 epresentatives of the most important 
associations concerned This group m its activities and accomplishments 
could do for the elevation of hospital standards the same kind of effective 
work that the Council on Medical Education of the Amencan Medical Asso- 
ciation, the Association of American Medical Colleges and the State Medical 
Boards have done for the standards of medical colleges Both the American 
College of Suigeons and the American Medical Association have m existence, 
and in function, not only most of the set-up required but also the nucleus of 
the peisonnel 

I think there will be general agreement that at the present time the surveys 
of hospitals are fai too cuisory and incomplete to allow of adequate and ac- 
curate grading To properly survey a hospital requires qualities that are 
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acquit ed only by expenence, and gieat caie should be taken in the develop- 
ment of an efficient pei sonnet Such ability should command adequate salanes 
so that the tui novel of the peisonnel would be as limited as possible Such 
mvestigatoi s of experience would be of the greatest assistance to hospital 
managements in advising wheiein lay then defects and how best to coirect 
them 

Inspection of all hospitals should be made at legulai, and not too infre- 
quent, mteivals and giadmgs leananged as conditions detei mined The 
w hole system of hospital inspection and giadmg needs revision and amplifica- 
tion , m fact this would appear to be one of, if not the most, urgent need of 
the hospitals of this countiy 

Unless some such effective oigamzation as this can be bi ought into exist- 
ence to function feailessly, the pioblem as to where the suigeon is to be trained 
cannot be piopeily solved, and the effoit to impiove the training of the 
suigeon and to give him the mark of distinction confeired by the Amencan 
Board of Surgeiy will fall fai short of out anticipation 

To anyone fannliai with the subject it is veiy evident that there is a com- 
plete lack of any basic standaid foi giaduate tiaimng m surgery and it is 
equally evident that theie is an impel ative need for the foimulation and adop- 
tion of some such basic standaid as soon as piacticable 

We must not only have more hospitals in this countiy so organized that 
the necessaty training of the surgeon can be given, but theie must be some 
way of knowing just what and wlieie these hospitals are, so that the young 
man desuous of securing such tiaimng will know wheie to go 

While these lemaiks haie been duected particulaily to the pioblems of 
the suigeon, they are also in a gieat measure the problem of all blanches of 
medicine, and it would seem leasonable to expect that some such coopeiation 
as suggested would leceive the geneial approval and support of the medical 
pi ofession 

As a result of a caieful study of the piesent mcoordinated and ovei lapping 
activities of different groups, the suggestion has been made by Dr Willaid 
Rappleye Dean of the School of Medicine of Columbia University, that a 
National Council on Medical Education be cieated, to be composed of repre- 
sentatives of the umveisities, medical schools, hospitals, practicing pi ofession, 
specialty boaids, state licensing bodies and public health agencies 

The functions of this pioposed National Council on Medical Education 
would be those of studying the majoi educational needs of American medi- 
cine and of foi mulatmg adequate standaids for these activities Such a 
National Council could be of the greatest assistance m advising and directing 
the many agencies having to do with the health program of the nation 

Under the direction of such a National Council the pioblem of hospital 
grading and standai dization could and would be more effectively solved since 
the oigamzations already having that important mattei m their hands would 
have a better undei standing of the leal educational needs m each specialty 
field 
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The creation of this Council must appeal to eveiyone as being the most 
piacticable solution yet proposed foi this intricate problem 

In brief summaiy an effoit has been made to emphasize 

(1) The need of immediate efforts to piovide adequate facilities foi the 
tiaining of the surgeon 

(2) More active, unselfish mteiest on the pait of suigeons m directing 
the professional affans of the hospitals with which they may be associated 

(3) The establishment of haimomous relationships between the profes- 
sional group and the lay gioup in directing hospital activities 

(4) The development of a teaching atmospheie in hospitals 

(5) The need foi and importance of efficiency and economy 111 hospital 
activities 

(6) The caieful supei vision and direction of musing education by the 
medical piofession 

(7) The imperative need of moie caieful inspection and accurate grading 
of hospitals 

It is quite beyond the scope of such an address as this to attempt to solve 
the pioblems which have been piesented All that can be done is to direct 
attention to them m the hope that the recognition of their impoitance and im- 
plications will be an aid in their solution 
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It is a great pnvilege to be pet nutted to piesent to you ceitain considera- 
tions bearing upon medical tiaming and practice Piobably at no time m our 
lnston haie tbeie been greatei oppoi tumties foi leadership and guidance of 
public policies relating to medical questions It is geneially agreed that the 
essential feature of an adequate piogram of health sei vices is a sufficient num- 
bei of competent phj sicians Upon medical education broadly conceived rests 
the responsibiht) of leciuiting and tiaming such peisonnel and of providing 
opportunities foi piactitioneis to keep abreast of new knowledge and methods 
of diagnosis, tieatment, and prevention 

A laige numbet ot scpaiate oigamzations aie dealing with different 
teatuies of the whole pioblem, some of them with conspicuous success in their 
own spheres of influence, although a gieat deal of duplication, overlapping, 
competition, and confusion exists At the same time theie aie important needs 
that no individual agenc\ is covei mg satisfactorily and foi wduch no organiza- 
tion feds responsible It is of gieat impoitance that a thoughtful appiaisal 
be made of oui piesent efioits to meet the cui rent needs and the impending 
demands upon the profession, and that we be piepaied at least to consider 
ways and means of adapting oui existing progiams to meet more effectively 
the responsibilities which ate likeh to be placed upon us m the future 

Because of the special conditions m the eaily days of Amencan medicine, 
the three functions of medical naming, piactice, and hcensuie weie vested m 
the practicing piofession This w r as m conti ast with the situation ecen at that 
time m most of the continental countnes of Europe wffieie for centuries 
medical education was the lesponsibihty of the umveisities and licensure to 
piactice w r as a function of the state In Gieat Biitam and France profes- 
sional training was largely developed in the hospitals, with licensure resting m 
the agencies of the state It is tiue that in this countiy there weie some 
medical schools of high standing but most practitioneis ot ioo yeais ago 
had been tiained by the appi enticeship method 

The histoncal backgiound and tiachtion in this countiy of the control of 
medical training by the profession explains some of the present confusion 
and difficulties Medical tiaming now, however, has become the lesponsibil- 
ity of medical schools, which aie usually associated with umveisities All 
students toda) must have a penod of college prepaiation piecechng the pio- 
fessional tiaming, nearly every giaduate takes a hospital internship, every 
state has its own agency foi hcensuie, the new nationwide plans for graduate 
and poslgiaduate education involving the cooperation of the medical schools, 
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hospitals, and the piofession have been instituted These developments have 
occuned in segments and sometimes without much relationship to other parts 
of the whole structuie of medical education or to the programs of other 
agencies cairymg out parallel or duplicating activities 

Only a few items of recent history need be mentioned to suggest the 
various dnections and many souices fiom which contributions have been 
made to our present standards of medical training Just before the Civil Wai, 
most states by legislative action had removed the function of licensure fiom 
medical societies and had placed it undei state boards of examiners Much 
of this legislation was repealed at the time of the War About 1870, agita- 
tion was renewed foi the licensing of physicians by the state, largely because 
of the lecogmtion of the dependence of sound clinical medicine and practice 
upon the discovenes in bactei lology, pathology, physiology, and the other 
sciences By 1895, piactically eveiy state had cieated some kind of legisla- 
tive oigamzation regulating medical tiaimng and the examination and licens- 
ing of doctors The legal enfoi cement by the diffeient states of propel 
standards of training for licensure to piactice has been one of the most 
impoitant factors 111 elevating medical education in this country 

Dunng the period mentioned above other important developments had 
occurred The Association of American Medical Colleges was organized 111 
1891 to cooidmate the educational effoits of the stronger medical schools 
In lesponse to the rapidly gx owing scientific content of medical training, Har- 
vard University, in 1892, increased the length of the course to four years 
A numbei of other schools promptly adopted similai programs The found- 
ing of the medical school of Johns Hopkins University, in 1893, further stimu- 
lated the awakening intei est in medical education 

In 1899, the graded cumculum for medical instruction was adopted gener- 
ally in this country At about that time the Amencan Medical Association 
began its important work of collecting and publishing statistics on the medical 
school situation In 1904, it created the Council on Medical Education which 
is lesponsible to the House of Delegates elected by the state medical societies 
In 1909, that Council adopted as its standaid the four year course which was 
in force m most of the leading schools at that time Seventeen medical 
schools had alieady established the requirement of two or more years of col- 
lege woik foi admission and 11 more made that regulation effective m 1910 
This requirement was embodied in the minimum standard of the Council 
eight yeais latei, at which time 81 of the 90 schools then m existence had 
adopted that requirement It happens that eight states do not yet officially 
lequne two years of piemedical college preparation although most of these 
states admit to their licensing examinations only graduates of approved med- 
ical schools The monumental study by Mi Abraham Flexner for the Car- 
negie Foundation foi the Advancement of Teaching was published in 1910 
That study and the publicity it leceived gave gieat impetus to the efforts to 
establish high standaids of tiaming and stimulated the needed financial sup- 
port foi medical education and leseaich and for teaching hospitals 
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Full ci edit is due to all the diffeient individuals and oiganizations which 
conti lbuted to the lapid elevation of the standaids of medical tiainmg m this 
countiy, paiticulaily to the coinage, leadeiship, and financial aid of the 
unneisities and educational foundations, the participation of hospitals in the 
teaching plans, and the enfoi cement of standaids by the state boards There 
is no need of 1 eciting heie the conti lbutions of the American Suigical Asso- 
ciation and of the Amenean College of Surgeons to the tiainmg and practice 
m suigeiy and the sti iking influence you have had on hospital standards m 
this countn The Association of Amenean Medical Colleges and the univei- 
sities have de\ oted gi eat energy to the impi ovement of the basic undergradu- 
ate couise The Fedeiation of State Medical Boaids, individual state boards, 
and the National Boaid of Medical Exannneis have lendeied invaluable aid 
m then lespectne fields of action The hospital associations are assisting m 
e\ei) wa\ and now ha\e greatl} enlarged problems because of the newer 
demands upon them for bettei mlei n tiainmg and foi giaduate piograms 
All of }ou aie famihat with the plans of the 12 Amenean boaids and of the 
Advisoiy Boaid foi Medical Specialties which aie laigely responsible for the 
rapid and sound piogiess in giaduate tiainmg Special ciedit should be given 
to the Council on Medical Education and Hospitals, paiticularly in dealing 
with the piopnetan, commercial, and weaker schools and m the collection 
and distnhution of data on students, schools, state boaid activities, and other 
featuies of the whole piogiam While inles, legulations, and minimum 
standards haie plaied an impoitant part 111 the evolution of the piesent 
piograms, the great strides ha\ e been made at levels w r ell above the minimum 
standards by indiudual schools and unneisities undei local leadership and 
by the desire of othei institutions to emulate their successful undertakings 
As a result of the actn lties described and the mci easing necessity of med- 
ical schools to piovide adequate tiaming in the medical sciences, which could 
not be met either by the weaker schools or by the commercial and proprietary 
institutions, the numbei of medical schools in the United States w r as 1 educed 
from 154 four year medical schools, in 1906, to the present 67 The gradu- 
ates diopped from 5,364, 111 1906, to 2,520, m 1922, but there has been a 
marked mciease since that yeai The numbei reached 5,3 77 m 1937, a total 
almost identical with that of 1906 In other words \xe aie today graduating 
as many physicians fiom 67 medical schools as w r e did from 154 institutions 
32 years ago That a numbei of schools have em oiled more students than 
they can educate 111 keeping with piesent day standaids has been recognized 
for years Dunng the last thiee yeais, however, the entering classes of cer- 
tain of the schools have been reduced In time the size of the student body 
m some of the institutions will be better adapted to their educational facilities 
and teaching programs The figures cited do not include the additions to our 
profession annually from Canadian and foieign sources, fiom unapproved 
institutions, and from Americans who study abroad 

It is common knowdedge that, despite efifoits of the last 30 years to stand- 
ardize medical education, “wide differences continue to exist in buildings, 
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equipment, peisonnel, students, financial suppoit, hospital facilities, and edu- 
cational policies ” In 1 espouse to this situation a lemspection of the medical 
schools made lecently by the Council on Medical Education has shown that 
about 20 of the institutions appioved by that Council do not even now pio- 
vide a fully satisfactory piepaiation If it is true, as stated by the Commis- 
sion on Medical Education, that “an emphasis on educational principles m 
medical tiainmg and licensure can be secured only by modifying the point of 
view and broadening the intei ests of those responsible for medical education 
and hcensuie, not by recommendations, statistics, new regulations, further 
legislation, or manipulation of the cuiriculum,” the evaluation of medical 
school objectives and piograms can best be secured not by an agency repre- 
senting the piofession alone, which really is the alumni body of the schools, 
but by one which represents fully as much the educational, hospital, licens- 
ing, and othei phases of this problem 

Students enteung medicine prepaie m about 600 colleges and universities 
The requirements for admission vary considerably Theie is a wide range 
of opinion on the objectives and content of preprofessional education The 
basis of selection by different schools is not only undefined but frequently 
contradictory Recent developments in graduate fields of instruction empha- 
size the need of better cnteiia of selection at the source The situation is 
confusing to students and to those lesponsible for the conduct of the colleges 
and universities Theie aie numerous pioblems 1 elating to general and 
medical education piessmg for study and solution, yet theie is no convenient 
mechanism in existence by which these mutual problems of medical schools 
and colleges can be discussed and defined 

The increasing dependence of sound medical education upon individual- 
ized, supervised expenence 111 the teaching wards and clinics by means of 
the clinical clerkship presents special problems for the hospitals The intern- 
ship has become umvei sally recognized as an essential pait of the basic 
preparation for practice Twenty states now require such a training for 
admission to the licensing examinations Certain of them so define and 
regulate this penod of tiainmg, however, that they defeat the efforts of uni- 
versities, medical schools, and hospitals to provide a satisfactory preparation 
adapted to the needs of those going into different fields of practice Uni- 
foimity, rigidity, and regulation are not distinguishing characteristics of an 
educational program It is well known that the intern penod is poorly ad- 
justed in many hospitals to the preceding medical course, to the needs of the 
student, and to subsequent giaduate training Even the approval of national 
evaluating bodies is uncertain A11 intensive study of internships in a group 
of eastern hospitals recently has shown that not more than a half of those 
hospitals approved for intern training by the Council on Medical Education 
and Hospitals piovide satisfactory educational standaids The proportion 
of residencies meeting a real educational level is smaller There is need for 
joint and continuing study of the place and functions of the internship and 
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residency in the evolution of the medical course, graduate tiaimng, and 
licensure 

Excellent coopeiation exists between most of the state medical boards and 
the medical schools and between the laige majority of the different states on 
matteis of reciprocity and indorsement of educational credentials The Na- 
tional Boaid of Medical Exammeis, oigamzed in 1915, has been very helpful 
in establishing a national point of view legardmg hcensuie Many believe 
that medical hcensuie in the countiy as a whole could be simplified through 
some joint action by the Fedeiation of State Medical Boaids, the Association 
of Amencan Medical Colleges, and the National Boaid of Medical Exam- 
meis It is leasonable to assume that eventually this pioblem will be dealt 
with in a mannei analogous to that found satisfactoiy in othei countries At 
the piesent time no agency exists for study and integration of this impoitant 
public and educational function 

Plans alieady developed for graduate and postgraduate training will re- 
qune wide and, 111 some instances, fundamental readjustments 111 hospital 
services, if the hospitals aie to paiticipate fully 111 these newer opportunities 
The medical schools and umveisities aie being called upon to assume respon- 
sibilities m these same piogiams All aie being subjected to numerous sui- 
veys and inspections by different agencies, fiequently overlapping 111 then 
intei ests and conflicting in then objectives The 12 Amencan specialty 
boards and the Advisoiy Board for Medical Specialties, created m 1933, 
recognize the dangeis of rigidity, legimcntation, and legulation m the field 
of giaduate tiaimng which must depend so Iaigely upon the educational initia- 
tive, self-reliance, and resoui cefulness of the individual The upward exten- 
sion of medical education into the giaduate fields should be based, with neces- 
sary adaptations, on those pi maples of selection of students, concepts of 
learning, forms of mstiuction, and othei features which characterize tiue 
giaduate education 

Sound plans foi the evaluation and appi oval of graduate programs cannot 
be evolved by a single agency but call foi coopeiative action by a group lepre- 
senting the vanous major interests involved The proposals, for example, 
that national and state legisters or directones of specialists be cieated and 
that geneial practitionei s be ceitified foi continuation mstiuction have definite 
1 elationslups to piesent methods of hcensuie The state agencies should ob- 
viously be brought fully into the general plan 

The premedical student, the medical student, the intern, the hospital resi- 
dent, the general piactitioner, the specialist, and the public health administrator 
should be regauled from an educational point of view merely as different 
phases of the training of peisonnel to meet the health needs of the country 
The problems fiom college pieparation to letnement from piofessional life 
should be looked ujdou as paits of a single educational progiam Portions of 
the piogram are primal lly within the junsdiction of universities, some aie 
Iaigely within the domain of the hospitals, othei s are in the various fields of 
practice, and some are undei governmental regulation 
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It is becoming increasingly apparent to those familiar with the situation 
that there is need of cooidination of the vanous phases of medical education 
and better definition of the seveial aieas of lesponsibihty of national and state 
agencies, universities, hospitals, and piofessional bodies dealing with poitions 
of the whole program, if medicine in this country is to meet fully its obliga- 
tions Reluctant as one may he to see another agency in medicine, the logical 
conclusion fi om the present moi e 01 less uni elated and frequently overlapping 
efforts is to create a national cooidmatmg body lepresentative of the major 
activities in medical education and service in order more effectively to meet 
the new conditions and needs of the country 

A National Council on Medical Education, Licensure, and Hospitals should 
be created fiom within our present oiganizations, made up of representatives 
of the universities, medical schools, hospitals, practicing profession, specialty 
hoaids, state licensing bodies, and public health agencies There should be 
no difficulty in securing full representation of leadeis in every subdivision of 
medical education and practice, hospital activities, licensuie, and public health 
on such a central body If such an oiganization is created the modest financial 
support from voluntaiy sources should not be difficult to obtain 

The functions of the pioposed National Council on Medical Education, 
Licensure, and Hospitals would be those of studying the major educational 
needs of Amencan medicine, of mobilizing the best current opinions regard- 
ing the different phases of piofessional training at its several levels, of 
formulating adequate standards for these activities, and of advising regulatory 
bodies and governmental agencies on standaids, methods, proceduies, and 
areas of action The National Council should, among othei things, delegate 
to existing oiganizations all administrative functions and endeavor to co- 
oidinate the efforts and simplify the piocedures of the multiple agencies now 
in operation A central dealing house cairymg influence and prestige by 
vntue of the knowledge and judgment of its personnel and providing a suit- 
able vehicle of our own cieation for cooperation on matters dealing with all 
features of medical education, tianscending the activities and interests of any 
single group or oiganization, would be of the greatest practical value to the 
profession, the universities, the hospitals, the licensing bodies, and the future 
health program of the entire country 

Discussion — Dr Evarts A Graham (St Louis, Mo) I think that 
Doctor Rappleye has unquestionably put Ins finger directly on a great need 
which exists in this country and which has existed for a long time 

Some of you may think that the functions of this proposed Council are 
already being cained out to a considerable extent by existing organizations, 
as, for example, the Council on Medical Education of the Amencan Medical 
Association That is hardly coriect, howevei, because the Council on Medical 
Education of the American Medical Association, for instance, is a body which 
really represents only the Amencan Medical Association It is not represen- 
tative, at least so far as appointments are concerned, of the medical schools 
of the country, the universities and the vanous othei elements v Inch Doctor 
Rappleye mentioned in Ins papei 

Despite the fact that, as has been mentioned by the President m his address 
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and has been intimated by Doctoi Rappleye in his papei, we aie living m a 
bui eaucratic age, despite that fact, it does seem as if it would be desuable 
and necessaiy to have anothei council set up which, howevei, I would infer 
fiom Doctoi Rappleye’s papei, would not have any direct authonty allocated 
to it except an authonty of piestige Pei haps he will make this point a little 
moie cleai m his closing lemaiks 

Ceitamly theie is a danger in too much standai dization of education m 
any foim Theie would be a dangei in setting up a body which would have 
a thoiough standai dization , that is to say, a legal authonty, peihaps, to tell 
the medical schools exactly what they should do and exactly what they should 
not do This piobably would be destiuctive of the very principles of sound 
education 

We have seen in lecent yeais in Euiope too much of this tendency to wish 
to welcome it heie m the United States I am quite suie, fiom talks with 
Doctor Rappleye about this mattei, that he does not mean that this council 
which he pioposes should have any such Fascistic powei as some might feai 
foi it 

Theie is no question about the fact that theie is a need of a cooidmating 
body to cooidinate all of the activities and functions of the various independent 
bodies, which now exist in a laige nurnbei in this countiy, all attempting to 
aim at the same goal, moie 01 less, but missing that maik to a consideiable 
extent because of duplication of eftoit, because of failure sometimes to grasp 
the essential point in the sti ategy of the whole campaign, and because too often 
the emphasis is placed on the details lathei than on the fundamental pnn- 
ciples involved 

Actually, of couise, the most impoitant and the most fundamental cog in 
the whole machine of the caie of the sick is the doctoi One of the most im- 
poitant elements in the mattei of how good a doctoi is or how poor and 
ineffective he is, is the question of the tiainmg of that doctor, lus education 
and the facilities which aie ofteied to him to keep abieast of developments 
which have taken place in medicine since the time that he left the doois of 
his medical school 

Any plan of impiovement of the caie of the sick on a laige scale which 
does not take into serious consideiation, as one of the most fundamental steps 
necessary, the impiovement of the educational facilities for the piacticmg 
doctoi will, of course, fall far shoit of its goal 

We lead in the newspapeis a few months ago about a 1 ecommendation, 
for instance, which had been made to the national government that small 
hospitals — the newspapei account which I lead stated hospitals of 30 to 60 
beds — should be elected throughout the countiy in order that the isolated 
sick m the lural communities could be taken care of properly, rathei than to 
undeigo the haidships of being taken care of 111 poorly equipped homes 

It is easy, of couise, foi anyone who knows what the practice of medicine 
is all about to lealize immediately that if the country should become studded 
with hospitals of 30 to 60 beds, senous effects would lesult, which would be, 
111 the first place, that these hospitals would be 111 competition with the large 
private hospitals tlnoughout the country, which have had a splendid record 
111 unselfish training of the medical piofession to go out and take care of the 
sick It would mean that these small hospitals aie totally inadequate them- 
selves to provide propei facilities for the lesponsibihty of tiaimng doctors 
It would mean, therefore, that probably 111 general, the public as a whole 
would suffer fiom such a plan instead of being improved by it 

I take it that the function of such a council as Doctor Rappleye has 111 mmd 
would call attention to such a sei ious defect, for example, in such a pi oposal , 
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and with the weight of piestige behind it, as containing 1 epresentatives of 
vanous impoitant bodies, would perhaps have enough influence to curtail 
effoits which might be made from time to time by well meaning individuals 
to propose schemes foi the welfaie of the sick which actually would not be 
practical, and would piesent such defects as those I have just mentioned m 
legal d to this paiticulai instance 

There is really nothing new about Doctoi Rappleye’s pioposal, as he has 
indicated It happens mei ely that we m the United States have been slow to 
put such a measuie into opeiation I believe I am coriect m saying that the 
Bntish Medical Council, which has been in existence for nearly ioo years, 
has been and is an organization which carries on many of the functions which 
Doctor Rappleye proposes, for example, for this Council, the foimation of 
which he advocates Perhaps he will elaborate on that a little more in 
closing his discussion 

Finally, Mr President, I should like to ask Doctor Rappleye what he 
wishes to do about this I am not quite sure whether he wishes a resolution 
of some kind fiom this Association, expressing approval of the creation of 
such a National Council, 01 whethei he merely wishes to think about this 
matter for a while and peihaps some time later discuss it again I should like, 
Mr President, to ask you to ask him, if you will, whethei he wishes the 
American Suigical Association to do something about it 

Dr Harold L Rvpins (New Yoik State Boaul of Medical Examiners) 

I think the best light I can throw on Doctor Rappleye’s very important con- 
tribution is to draw attention to the fact that within the last io or 15 years, 
there have been at least half a dozen sporadic movements in exactly the 
direction that he is pointing out now, and that all of these movements have 
come about through the necessity for the expression of opinion and sometimes 
of action from various representatives of all interested parties m medicine 

For example, all of you aie familial with the fact that the National Board 
of Medical Examiners, which has been functioning now, I think, for about 
20 years, has representatives in practically every intei ested medical oigamza- 
tion throughout the countiy It has just dawned upon me what a monumental 
piece of politics and strategy that Board has accomplished in actually taking 
over some of the functions of 40 odd governmental agencies without the 
least amount of bad feeling 

It has accomplished something which none of the individual boards could 
ever have accomplished, and it has done so by taking some of the functions 
of those boards away, and still there has been absolutely no friction between 
the state boards, which ai e governmental agencies, whose members are mostly 
apj^ointed by governors, and the National Boaid 

The answer is this Apait from the very great political skill of Doctor 
Rodman and his associates, the Board has had such a broad repi esentation 
in its make-up that theie could be no question of its prestige and of its public 
interest The fact that it has been able to accomplish what it has is a very 
good indication of what a National Council, such as suggested by Doctor 
Rappleye, might do without any friction whatsoever 

About 10 years ago, it became apparent that we ought to know something 
mote about medical education, therefore, a Commission on Medical Education 
was formed This, again, was made up of repi esentatives of practically every 
organization m the country interested in medical education No administra- 
tive function was assumed 111 this case Simply, a study was made and a lot 
of facts were collected There was some deliberation upon these facts and 
a repoit was finally made which contained very \ague, if any, recommenda- 
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tions Nevertheless, the effect of this Commission was exceedingly fai- 
reachmg upon the advance in medical education in this country In fact, it 
was moie far-reaching than any moie specific regulations and laws that had 
been heietofoie laid down as to how to conduct medical schools 

As fai as I know, there was no serious friction between the Commission 
on Medical Education and the various interested bodies 

We aie at the piesent time m the throes of organizing a Commission on 
Giaduate Medical Education, which we hope will operate m exactly the 
way that the eailiei Commission did, and which will bring together some 
information and some ideas about giaduate medical education which none 
of the piesent existing agencies seem to have been able to bring to the atten- 
tion of the public 

Again, about seven or eight yeais ago, a veiy serious problem arose, when 
it was suddenly discoveied that a veiy laige number of American boys who 
were able to gam admission to foieign medical schools were studying m 
Europe with the expectation of returning to this country to practice This 
problem was bi ought to the attention of the various individual bodies con- 
cerned from time to time, but no one of them seemed able to cope with the 
pioblem Finally, the numbers increased to something ovei 2,000 a year, and 
the situation became so acute that it became necessaiy to form a Joint Com- 
mittee on Foieign Medical Students which could repiesent the interests and 
speak foi all the vai 1011s bodies concerned 

As soon as we had one committee which had authonty to speak for 
everyone 111 Amencan medicine and Amencan licensure and American hos- 
pitalization we were able to deal veiy adequately, and simply, with the repie- 
sentatives of the European go\ ernments, but no one single agency would have 
been able to do so 

Then again, dunng the last 15 yeais, at least, theie have been develop- 
ing, as you know, the vanous boaids for medical specialties, but in spite of 
the fact that several of them w'ere veiy w f ell organized, no one seemed to be 
able to work out a progiam which wmuld smooth over the difficulties between 
the various boards — the difficulties arising between those boards and the 
oiganized medical profession 

About foui, certainly not moie than five yeais ago, it was deemed ad- 
visable to create an Advisoi}'' Board of Medical Specialties which was to be 
made up of repi esentatives of all the intei ested bodies, and which was to 
interject itself between the medical profession as organized and these indi- 
vidual bodies as organized The lesult of this interjection by this broadly 
organized gioup has been the complete organization and, as you know, opera- 
tion of the 12 specialty boaids which are deemed to be desirable at the present 
time 

I think there is no question that had there been no advisory board which 
could speak for all the interested bodies, there would still be an amount of 
unnecessary jangling between the individual boards and between the indi- 
vidual boards and organized medicine as a whole 

I bring these facts to your attention I might also mention the survey of 
medical schools which Doctor Rappleye spoke of and 111 which there was 
some cooperation between the Council, the Medical Schools Association and 
the Federation of State Boards 

I bring these six points to your attention (and I believe many more could 
be recited) to show that during the last 15 or 20 years, the need has arisen 
for some sort of National Council wuth a bioad representative base, and the 
prestige that comes from such representation, to meet the problems of mutual 
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interest that aie always developing Within the last 15 to 20 years, we have 
had at least six such occasions 

Now, if the government in Washington is going to continue as actively 
as I believe it is, I believe seven 01 ten occasions will arise very shortly, and 
I agiee with Doctor Rappleye that it is veiy much in the interest of the 
medical profession, and even more in the interest of the public health, that 
there be a genuinely 1 epi esentative organization that can speak with intel- 
ligence and authonty for the entne medical profession and the lesser indi- 
vidual bodies, whose impoitant functions should certainly not be interfered 
with 

Dr Willard C Rappleye (closing) Doctoi Giaham bi ought up the 
question of authonty, and he is quite right 111 mterpieting what is certainly 
m my own mind, and I think m the minds of most of the persons who have 
been thinking about this problem and seeing the situation develop, that we 
aie concerned primal lly with getting togethei a group of persons who will 
repiesent the leadeislnp of ideas and carry with it the prestige and weight of 
authority that would arise by having leal judgment on a great many of these 
interlocking pioblems 

We aie all prone, of comse, to think of our own situations and problems, 
and I think we need some agency that is extending ovei and above the inter- 
ests and lesponsibihties of single agencies as we now have them, many of 
which are doing excellent woik in then respective fields The whole idea 
back of the proposal is to make pi ogress at the top as well as at the bottom 
Leadership is going to be always at the top 

Theie is no question, and the fact remains obvious to everyone, that the 
government is involved in the piogram of medicine and is going to become a 
great deal moie so It seems to many of us that we ought to become or- 
ganized m advance and be prepared to give that authoritative advice and 
counsel that it ought to have I am not sure that they will take it all the 
time , we don’t expect that, but certainly we have to be in a position, at least, 
to have some mechanism set up within the piofession to help in guiding many 
of these pioblems that cut across all of our national agencies, hospitals, medical 
piofession, licensing bodies and similar activities 

The question of the Geneial Medical Council Those of us who have 
been interested in the history of that organization, and othei plans of medical 
education and licensure in othei countries, have been very much struck with 
the fact that the situation 111 this countiy, at the moment, is almost identical 
with that leading up to the organization of the General Medical Council, m 
1858 We have similar problems Many of the situations that we have today 
are closely paralleled with those that led to the formation of the General 
Medical Council 

I would like to speak about what Doctor Rypms has said He has brought 
out the very point that this technic of cooperation between the agencies is 
going on and there aie a number of activities already set up, many of them 
temporal y, that have gone forwaid with the idea of formulating joint pro- 
grams that have a beanng on medical training 

This is not a radical suggestion It was embodied in the report of the 
Commission on Medical Education to which Doctor Rypins referred, which 
was printed in 1932 It is only following along what has been going on for the 
last 100 ;years in medical education m othei countnes, and in recent years 
in this country 
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Suppurative lesions of the scalp, skull, accessory sinuses meninges and 
brain beai an intimate lelationship to one another since the infection may 
spread by contiguity or travel along lymph and diploic channels, and along 
emissary veins which communicate with veins that pass through the dura into 
the substance of the brain Appiopriate surgical treatment of the localized 
infection often will limit its extension and pi event the more serious involve- 
ment of the meninges and brain 

The treatment of osteomyelitis of the skull does not differ from the treat- 
ment of osteomyelitis of other bones , removal of all necrotic and infected 
osseous tissue is lequired in addition to sequestrectomy However, special 
consideration concerning these opeiative procedures is necessary, since the 
scalp and penosteum may have been destroyed, and removal of infected bony 
tissue may result m exposure of the meninges , moreover, brain abscesses are 
fiequent sequelae of osteomyelitis of the skull 

A consideration of the anatomic anangement of the veins m the diploe 
and of the emissary veins is in ordei, so that it may better be understood how 
infections may travel through communicating veins to give rise to distant areas 
of osteomyelitis, with or without accompanying brain abscess Infective em- 
boli in the artenal system aie larely responsible for osteomyelitis of the skull 
Thrombosis of vessels in an extending infection of the scalp fiequently 
spreads the osteomyelitis The aiterial supply to soft tissues and haversian 
canals about an osteomyelitic legion serves as a barnei to limit the progress 
of infection by maintaining the life of the osseous tissue Frequently, the 
osteomyelitic process will destroy but one table of the skull when the cncula- 
tion to the opposite table has been maintained 

Gray 22 states “The diploic spaces of the cranial bones in the adult contain 
a number of tortuous canals, the diploic canals (canales diploici [Brescheti] ), 
which are surrounded by a moie or less complete layei of osseous tissue 
The veins they contain are laige and capacious, then walls being thin and 
formed only of endothelium resting on a layer of elastic tissue, they piesent 
at irregular intervals pouch-like dilatations, or culs-de-sac, which seive as 
reservoirs for the blood 

“In adult life, so long as the cranial bones are distinct and separable, these 
veins are confined to the particular bones, but m old age, when the sutures 
are united, they communicate with one another and increase m size They 
communicate, m the interior of the cranium, with the veins and sinuses of the 
dura, and on the exterior of the skull with the veins of the pericranium They 
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consist of (i) The fiontal diploic vein (v diploica frontalis), which opens 
into the supraorbital veins by an apeiture in the supraorbital notch, (2) the 
anterior temporal diploic vein (v diploica temporalis anterior), which is 
confined chiefly to the frontal bone, and opens into one of the deep temporal 
veins through an apeiatme m the gi eater wing of the sphenoid, (3) the 
posterior tempoial vein (v diploica temporalis posterior), which is situated 
in the parietal bone, and terminates 111 the lateral sinus through an aperture 
at the posteroinfenoi angle of the panetal bone or through the mastoid fora- 
men, and (4) the occipital diploic vein (v diploica occipitalis), the laigest of 
the four, which is confined to the occipital bone, and opens into the lateral 
smus or the toicular Heiophili 

“The emissary veins (v emissaria) are vessels which pass thiough aper- 
tures m the ciamal wall and establish communications between the sinuses 
inside the skull and the diploic veins in the diploe, and the veins external to 
the skull Some of these are always present, others only occasionally so 
They vaiy much in size in different individuals The pnncipal emissary veins 
are the following (1) A vein (v emissarium mastoideum), almost always 
present, 111ns thiough the mastoid foramen and connects the lateral sinus with 
the posterior auncular 01 with the occipital vein (2) A vein (v emissarium 
panetale) which passes through the parietal foiamen and connects the superior 
sagittal sinus with the veins of the scalp (3) A plexus of minute veins (v 
rete canalis hypoglossi) which pass through the anterior condylar (hypo- 
glossal) foramen and connect the occipital smus with the vertebral vein and 
deep veins in the neck (4) An inconstant vein (v emissarium condyloideum) 
which passes through the posterior condylar foiamen and connects the lateial 
smus with the deep veins of the neck (5) A plexus of veins (v rete fora- 
minis ovalis) connects the cavernous smus with the pterygoid and pharyngeal 
plexuses through the foramen ovale (6) Two or three small veins run 
through the foramen lacerum medium and connect the cavernous smus with 
the pterygoid and phaiyngeal plexuses (7) There is sometimes a small vein 
connecting the same paits and passing through the inconstant foramen of 
Vesalius, opposite the loot of the pterygoid process of the sphenoid bone 
(8) A plexus of veins (plexus venosus caroticus interims ) traverses the caro- 
tid canal and connects the cavernous sinus with the internal jugular vein (9) 
A small vein (v emissarium occipitale) usually connects the occipital vein 
with the lateral smus or the torcular Heiophili and the occipital diploic vein 
(10) A vein is usually transmitted through the foramen cecum and connects 
the superior sagittal smus with the veins of the mucous membrane of the 
nose ” 

Osteomyelitis — Etiology Osteomyelitis results from infection of an 
avascularized bone or from extension of an infection into the diploic canals ] ’ 
The most common souices foi the infection are contaminated, compound, com- 
minuted fractuies of the skull, fuiunculosis of the scalp and extension of in- 
fections from the ear and accessoiy nasal sinuses, the frontal smus being the 
chief offendei Diffuse osteomyelitis of the outer table is more prone to 
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afflict childien and young adults than is osteomyelitis of the mnei table of the 
skull, since the outei table is moie poious Staphylococcus pyogenes aureus 
is chiefly lesponsible foi osteomyelitis lesultmg from infections of the frontal 
sinus and is the organism which frequently pioduces the osteomyelitic proc- 
esses in compound comminuted fiactuies, with infected, laceiated wounds 

The denuded skull, lesultmg fiom bums by electricity and file, from ex- 
tensive laceiations, and fiom lemoval of the scalp because of tumors, ulti- 
mately, undeigoes destructive processes If the circulation to the inner table 
is intact, only the denuded outer table will degeneiate and sepaiate as a 
sequesti urn 33 

Craniotabes, gummatous osteomyelitis , 1 caused by syphilis, is a representa- 
tive of the gioup of clnonic infections Ebeithella typln ( Bacillus typhosus ) 
at one time was a fauly common cause of osteomyelitis but today, since the 
introduction of vaccination, is rarely seen An occasional case lesults fiom 
tubeiculous involvement of the skull Actinomycosis, too, occasionally is 
lesponsible foi infective piocesses of the skull 

Pathology — The process of osteomyelitis begins with the mtioduction of 
suppuiative organisms into the vasculai channels of the skull If the bone is 
denuded of its scalp, the piocess will extend until adequate cu dilation is 
encountered Fiequently, accompanying cellulitis will destroy the circulation 
of the scalp about the denuded bony area and this further encourages exten- 
sion of the osteomyelitis The seipigmous extension along diploic canals will 
give use to additional aieas of neciosis beyond the ongmal focus 35 The 
infection of diploic veins results in thiombosis and the development of granu- 
lation tissue This piocess may extend either to the penciamal or to the 
inti acranial structures by extension along emissaiy veins Phlegmons of the 
scalp develop ovei the necrotic bony aieas and extend the infection over 
suture lines to new aieas, through emissaiy and diploic veins, thus giving rise 
to additional osteomyelitic processes 2S The disease may progi ess until the 
entire skull has been involved On examination of the skull, islands of normal 
bone will be found between necrotic and sequesti ated aieas These islands 
apparently have lesisted the infection, owing to the fact that the cnculation 
has been maintained and that a zone of gianulation has served as a bairiei 
m limiting the infection m the diploic canals 

The reparative process of gianulation and absoiption woiks m conjunction 
with the destructive process As the bony cells die they disintegrate, are ab- 
soibed and are replaced by gianulation tissue This is leadily demonstrated 
m a denuded aiea of skull The exposed bone at first appears diy and dead- 
white, but sooner or later a zone, 01 ring, of granulation will appear at the 
scalp margin In the zone of granulation there will develop a localized osteo- 
myelitis which eventually destioys a ring of bone m the outer table of the skull 
When this has taken place, the granulation tissue m the diploic spaces will 
actually lift from the dead-white outer table of the denuded skull (Fig i) 
Removal of the granulation tissue will reveal that the inner table is usually 
intact and is very vasculai , owing to the fact that its circulation has been mam- 
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tamed by small artenoles fiom meningeal arteries However, if the scalp has 
been destioyed by a seveie bum, both tables of the skull will slough away 
spontaneously 

Symptoms — The local symptoms are usually preceded by a history of 
infection If the symptoms follow injuiies of the scalp and skull, a septic 
temperatuie of low giade develops, associated with leukocytosis and with 
localized swelling of a soft and doughy consistency, with 01 without localized 
tenderness If the infection lesults fiom frontal sinusitis, the swelling will 
appeal over the fiontal bone, usually on the side of the involved sinus 7 When 
the infection is of hematogenous oiigm, as it is m syphilis, the swellings may 



'Normal 

bone 


Sequestrum 



Fig i — (A) Drawing showing worm eaten erosions of osteomyelitis imolving the outer 
table (B) The procedure employed in remo\al of the sequestrum and the o\ei hanging ledges 
of dead, white bone 


occui in numeious paits of the skull, but usually m those parts wheie the 
cranial tables are thickest, and wheie the diploic spaces are largest, as in the 
parasagittal portions of the frontal and panetal bones Roentgenologic exam- 
ination usually leveals motheaten eiosions of one 01 both tables of the skull 
All roentgenograms should be taken m two diiections m oidei to demonstrate 
the extent of the lesions 

S rngical Treatment — The phenomena of destiuction and lepau form a 
basis foi surgical treatment, since adequate drainage of suppuiative lesions 
of the scalp, removal of infected bony fragments and lemoval of dead and 
necrotic bone will aid m preventing or limiting the osteomyelitic process 4 
Small puncture-like incisions ovei fluctuating areas aie of some value but 
are not sufficient suigical procedures to check the process Localized osteo- 
myelitic areas will continue to spread until the scalp has been reflected and all 
of the dead and sequestrated bone has been removed Frequently the necrotic 
bone can be removed with a shaip curet or gouge without removing both 
tables of the skull (Figs 2 and 3) However, there is less danger of the 
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infection extending into the brain with removal of both tables of the skull, 
if they are neciotic, than theie is when the inner table is left in place and 
only the outer table is lemoved The dura selves as an excellent barrier to 
inward extension of infection provided it is not injuied m the course of 
sequestrectomy If extensive areas have become involved, it is reasonably 
safe to uncover as much as one-fourth of the skull at a time At each stage 
of the operation the temoval of dead and necrotic bone should be complete, 
howevei, islands of noimal bone, when present, should be left in place The 
penosteum likewise should be preserved and resutured after the infectious 
material has been lemoved and the field cleansed with tincture of iodine If 
diainage is instituted, the diam should be removed within 48 hours, foi not 
infiequently pi unary healing will be obtained The additional areas should 
be tieated m a similar mannei at mteivals of four to five days between each 
two opeiations, until all of the necrotic bone has been removed Too often 



Tig 3 — Drawing illustrating the importance of remoiing the necrotic 
outer table of the skull peripheral!} until normal bone is exposed, which also 
permits the edges of the skin to eo\er the fresh margins of the bone 


the suigeon is inclined to leave dead-white bone lateral to the osteomyelitic 
piocess If this is done, the process will continue The dead bone should be 
cuietted away until bleeding appeals fiom its cut edges (Figs 2 and 3) The 
bleeding can be controlled with stups of gauze soaked in tinctuie of iodine 
which, if left in place, should be removed within 48 hours, together with other 
diainage material such as Penrose drains and rubbei tubes, etc 

Epithehzation of denuded areas of the skull can be materially hastened by 
1 emoving the outer table m order to expose the diploic spaces This will give 
use to granulation tissue which serves as a bed for the epithelium (Fig 3) 
Skin giafts can be employed to hasten the piocess of epithehzation The 
outer table is readily removed and the first step m the removal is to make 
multiple openings in the outer table with the trephine bur After this, the 
ndges of bone are rongeured away or removed with a chisel, care again being 
taken to remove all dead bone, even though it may extend under the margin 
of the scalp The uncoveied inner table, with its oozing diploic veins, is 
protected by perforated paraffin gauze, which also encourages epithehzation 
Although ladical surgical treatment is the effective means of controlling 
the osteomyelitic process, it should be borne m mind that the virulence of the 
organism, the resistance, and the specific immunity of the patient to the par- 
ticular 01 ganism are the combative forces which determine the activity of the 
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process and the extent to which it will tiavel This being tiue, active sup- 
poitive measuies should be employed Administration of vaccines has been 
suggested and sulphanilamide has been employed, both of which have proved 
of value High caloric diets with adequate vitamins are essential Occa- 
sionally local application of heat has aided the circulation and hastened devel- 
opment m the zone of reaction, thus limiting the piocess 

The accompanying leptomeningitis is a seuous complication and is con- 
trolled best by repeated or continuous spinal diamage and tbe admmisti ation 
of sulphanilamide Again, a nounshmg dietary legimen and excellent nurs- 
ing aie matenal a’ds in conti ol of the disease 



Tig 4 — Roentgenogram, lateral Mew, showing extensive osteomyelitis of the left temporal, 

parietal, and frontal bones 

The ceiebral abscess which results from osteomyelitis is one of the sus- 
pected and serious complications When it occurs, the suigeon is confronted 
with the problem of deciding whether to diam the abscess befoie ti eating 
the osteomyelitis 01 to treat the osteomyelitis befoie diaming the abscess or, 
indeed, to attempt to tieat both at the same time A maxim of general surgery 
should be invoked m the tieatment of these lesions, namely “A patient often 
will suivive two majoi operations if they aie performed sepaiately but may 
fail to survive if both are attempted at the same time ” Too much never 
should be attempted at one operation Judging from my own experience, it is 
better to delay drainage of an abscess than to delay the operative procedure 
for control of the osteomyelitis Encapsulation becomes more nearly com- 
plete if drainage is moderately delayed, whereas, the osteomyelitis piocess will 
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continue to extend and may give use to additional brain abscesses A num- 
ber of times I have i emoved the necrotic bone, 1 esutured the scalp and drained 
the abscess a week latei thiough a separate incision without lighting up the 
osteomyelitis (Figs 4, 5, 6 and 7) There is an occasional exception, namely 
when the process has continued foi seveial weeks, when the ceiebral symp- 
toms pioduced by the abscess are veiy marked, and when the osteomyelitic 
piocess is limited and appaiently controlled In those instances the cerebral 
abscess has been chained hist and the osteomyelitis treated following removal 
of the drams Theie is also the occasional case in which the osteomyelitic 
aiea is very ciicumscnbed, and the abscess appears to be situated close to 



Tig 5 — Roentgenogram, lateral view, made following remoral of sequestrum and dead bone 

illustrated in figure 4 


the surface Then it is possible to diam the abscess and lemove the necrotic 
bone at the same time thiough the osteomyelitic aiea Theie is a constant 
dangei of pioducing leptomeningitis m opening the dui a in the piesence of 
infected mateual There is also the dangei of pioducing an abscess by in- 
troducing a needle thiough infected dura into the biam when seal clung for 
a subcoitical abscess 

Brain Abscess — Etiology Brain abscess results fiom invasion of the 
brain by pyogenic oiganisms fiom acute or chiomc infection of the middle 
ear, frontal 01 accessoiy nasal sinuses, compound fractuies and penetrating 
injuries of the skull, infections of the scalp or osteomyelitis, and from in- 
fected emboli ansing fiom bionchiectasis, empyema, endocaiditis, and general 
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Fig 6 — Roentgenogiain, anteroposterior view, following sequestrectomy and drainage Tig 7 — Photograph of patient following sequestrectomy and drain 
of abscess of left temporal lobe, drainage tubes in place age of abscess of the left temporal lobe 
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septicopyemia 5 - 10 Although many abscesses result from an extension of the 
infection by contiguity, a large number develop as a lesult of letiograde 
infection of a thrombosed vein within the biain which communicates with 
veins that chain infected poitions of the scalp, skull 01 meninges 10 Oc- 
casionally, a stalk or channel may be found to extend fiom the region of 
suppuration to the abscess but, moie often than not, the cerebial abscess is 
situated apait from the pi unary focus 32 They are situated, usually, m the 
white matter of the biain where the veins originate and where the cn dilation 
is less abundant 

Each abscess passes thiough thiee stages of development The initial 
stage is that of localized encephalitis which might undeigo recoveiy spon- 
taneously, producing a syndrome of pseudo-abscess The second stage is that 
of liquefaction and neciosis with encapsulation As immunity pi ogresses, 
the general symptoms of infection subside The abscess becomes quiescent 
except foi the symptoms of intracranial pressure and localization The third 
stage represents the teinunal phase of activity Small abscesses disappear 
spontaneously by inspissation oi lesolution of the pus Large abscesses are 
very likely to ruptuie into the ventucle 01 subaiachnoid space and produce 
death unless pioperly drained Theiefoie, appropnate treatment requues 
proper medical management dm mg the initial stage and the selection of a 
suitable operation at a time when drainage will be most effective during the 
second stage The piocedure should affoid adequate drainage without spiead- 
mg the infection or giving cause foi lecunence of the same abscess 

Macewen, 31 in 1893, was the fust to lecognize and localize a biain abscess 
but, unfortunately, he was not permitted to operate However, he venfied 
his diagnosis at necropsy This experience piompted him and others to 
advise surgical treatment foi ceiebral abscesses In reviewing Macewen’s 
book, it is appaient that his good results were owing chiefly to the fact that 
most of the abscesses wei e encapsulated The encapsulation suggests that the 
patients were brought to him for tieatment after abscesses had passed through 
the initial stage into the second stage of development At this time, the organ- 
isms are less virulent and many have died The immunity, likewise, has 
leached its maximal efficiency 

Owing to Macewen's good lesults, many suigeons advise opeiation as 
soon as possible after a diagnosis of biain abscess has been made However, 
they fail to lecognize the fact that clinical diagnosis has improved since his 
time and that diagnosis of biam abscess now is frequently made m the initial 
stage instead of m the second stage These early operations are responsible 
for the increased mortality A suppurative process of the brain is not dif- 
ferent fiom a suppurative process of any other part of the body Therefore, 
similar leasonmg and similar treatment should be employed “Wait until the 
abscess is ripe before opening ” 

Infective Agent — The oiganisms most fiequently found m pus removed 
from cerebral abscesses are Staphylococcus alhus, Staphylococcus aw cits, pyo- 
genic Staphylococci, and hemolytic Streptococci Other varieties of bacteria 
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have been found, the nature of which depends on the source and character of 
the cerebial contamination 

Pathology — Cerebral abscesses aie mvanably situated below the cortex 19 
Occasionally, a stalk can be seen to extend fiom the meninges to the abscess, 
but more often than not, tiace of path of the invasion cannot be demonstiated 
The explanation foi this, I believe, is that the communicating vein, which 
seived as a path for the oiganism to invade the white, poorly vascularized 
biam tissue, has become thrombosed The stalk, if piesent, lepresents the 
zone of leaction about the infected vein Following the inoculation of the 
biain, a localized legion of encephalitis lesults This piocess extends by 
thi ombosis of moie capillaries and vessels until leaction and immunity limit 
such extension The centei of the lesion disintegrates, liquefies, and becomes 
pus Proliferation m the penpheial zone results in foimation of fibious 
tissue and encapsulation 

I am convinced that infections maj^ tiavel thiough thiombosed veins and 
diploe foi long distances, to pioduce abscesses without osteomyelitis This 
is substantiated by the fact that abscesses do result from infections of the 
scalp, frontal sinus, and antrum without an accompanying osteomyelitis The 
leason ceiebral abscesses do not always follow osteomyelitis of the flat bones 
of the calvarium, fiontal sinusitis, disease of the middle ear, or mastoiditis, 
I believe, is that venous tin ombosis is limited by a zone of leaction and a col- 
lateial venous cu culation Positive blood cultures aie larely obtained Symp- 
toms of meningitis frequently accompany ceiebial abscesses 

A single embolic abscess is lelatively laie Multiple abscesses follow pul- 
monaiy disease, particularly bi onchiectasis Also, they may represent a pait 
of a general septicopyemic infection The virulence of organisms producing 
multiple abscesses is usually so ovei whelming that death results befoie en- 
capsulation takes place 

Penfield 34 stated that the wall of an abscess begins to foim in the first 
week but it is not firm enough to offei appreciable resistance to an exploiatory 
needle until two to thiee weeks have passed The course without diamage 
depends on the natuie and virulence of the oiganisms If an insufficient wall 
or capsule is foimed, spieadmg encephalitis with edema of the bram may 
quickly terminate the patient’s life 

Extension of Infection by Contiguity — Extension of infection by con- 
tiguity is responsible for a large number of btam abscesses The otologist 
often encounters an extraduial abscess associated with disease of the temporal 
bone Cortical abscesses of the tempoial and ceiebellar lobes lesultmg fiom 
extending infection of the ear occur but larely However, accompanying 
subcortical abscesses of both lobes are frequent, some of which have produced 
sufficient reaction to seal the meningeal spaces When this occui s, it is per- 
missible to diain the abscess at the time of mastoidectomy If the meningeal 
spaces aie not sealed, the intioduction of a cannula fiom an infected mastoid 
wound into the biain can give rise to another abscess leadily Furunculosis 
of the scalp, an infected scalp wound, cellulitis, osteomyelitis, and localized 
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meningitis are fiequent sources of cerebial abscess 30 Abscesses resulting 
fiom infections of sinuses aie owing to mwaid extensions through diploic 
channels, emissary, dural, and cerebral veins 

Relation of Fiontal Sinusitis to Abscess of the Frontal Lobe — Wood- 
ward , 38 in considering the etiology and pathology of osteomyelitis of the 
frontal bone, has agieed, with otheis, that the Staphylococcus pyogenes aweus 
is the organism most fiequently lesponsible for the lesion, and has stated 
that infection of the fiontal sinus occludes the ostium and places the pus undei 
pressui e This diminishes the blood supply which, m turn, results in necrosis 
of the mucous membranes and thrombosis of the perfoiating veins From 
this point, the infection spieads through the diploe, preceded by thiombosis 
of the diploic veins wheievei death of bone has occuried Pus and granula- 
tion tissue fill the diploe, which results m lapid destruction of the osseous 
elements Furstenberg 20 has legarded the fiontal sinus as eroded diploe, the 
outei wail corresponding to the external plates and the internal wall coi re- 
sponding to the internal plates of the fiontal sinus, which he believes is the 
chief reason for extension of the infection of the fiontal sinus into the diploic 
spaces Because the diploic veins communicate with emissary veins, it is 
apparent how the infection can reach the scalp or dui a If the infection is 
ovei whelming and cannot be stopped by protective reaction, it reaches the 
ceiebral veins with a resulting ceiebral inoculation Extradural abscesses over 
the fiontal lobes aie infrequent but occui often enough to wairant consideia- 
tion when a diagnosis is being made Abscesses of the frontal lobe do 
develop from infections of the frontal sinus without accompanying osteo- 
myelitis, just as they develop from infection of the antrum or ethmoid and 
from infection of the maxilla following extraction of teeth These infections 
undoubtedly follow perivascular spaces and thrombosed veins into the sub- 
cortical portions of the brain 

Symptoms — The symptoms of cerebial abscess vary with the different 
stages of the disease and vary accoidmg to the systemic reaction, the degiee 
of increased intracranial pressui e, and the situation of the abscess 

Patients who have a temporosphenoidal or cerebellar abscess invariably 
give a history of acute or clnonic otitis media with a suppurating mastoid 
Abscesses in the frontal lobe are preceded by acute colds, frontal sinusitis, 
pansmusitis, and osteomyelitis of the fiontal bone The sudden increase of 
septic symptoms following a cerebral mjuiy suggests the possibility of a 
developing biam abscess Patients become apathetic and an increase in tem- 
perature occui s, the temperature remains high for the first few days but soon 
takes on the septic, steeple-like contour The number of leukocytes increases 
to 20,000 or more Examination of spinal fluid discloses an increase of pres- 
sure, increased concentration of protein, and an mciease in the number of 
lymphocytes 37 If active, suppurative meningitis develops, polymorphonuclear 
leukocytes appear in large numbers, causing the fluid to become cloudy Also, 
the active organisms usually are identified 

Headaches and vomiting appear early Irntability, alternating with stupor 
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and with ligidity of the neck muscles, is a sign of increased intracranial pres- 
suie and meningeal irritation The pulse is full and bounding, the rate is 
slowei than nonnal Choked disks and letmal hemonhages likewise appear 
when the normal flow of cerebi ospmal fluid has been disturbed 29 

The localizing signs depend on the size and situation of the abscess A 
tempoi osphenoidal abscess can produce homonymous defects m the visual 
fields, homolatei al palsy of the sixth and thud cranial neives, and contra- 
lateial anesthesia, paialysis, and pathologic reflexes An abscess in the frontal 
lobe may attain considerable size without producing localizing symptoms 25 
However, I have obseived that the initial swelling about one eye is a good 
diagnostic sign of the lobe affected because the abscess is usually on the same 
side Osteomyelitis of the frontal bone invariably extends to one side of the 
median line, suggesting the lobe involved Although paralysis may not be 
present, conti alateral reflexes may be exaggerated When m doubt, it is 
justifiable to cany out ventncular studies and ventnculogi aphy Ceiebellar 
abscesses produce ceiebellar symptoms, plus nystagmus 11 and reduction of 
homolateral reflexes Hiccough and rigidity of the neck fuither indicate a 
lesion of the postenor fossa Those miscellaneous abscesses that involve 
the biam stem and pons present bilateial pyramidal signs and bilateral palsy 
in the distribution of cranial nerves Those developing from infected wounds 
are situated in the vicinity of the infection and those developing from nasal 
sinuses other than the frontal sinus are situated in the lower half of the fiontal 
lobes 

I have seen temporosphenoidal abscesses and one ceiebellar abscess pro- 
duce homolateral pyianndal symptoms with partial contralateral pyramidal 
symptoms The symptoms all disappeaied following drainage of the abscess 
The homolateral pyramidal symptoms were undoubtedly owing to paitial 
displacement of the hemispheie by the abscess, to the opposite side, to such 
an extent that the crus ceiebri w r as piessed upon and notched by the opposite 
margin of the tentorium at the mcisura tentoru 

The pathologic piocess, dui mg the initial stage of three w r eeks, lepiesents 
a battle between destructive and repaiative forces The secondary quiescent 
stage, from the second to the fifth week, lepresents a partial victory for the 
forces of repair, because the abscess no longer enlarges and the pus is becom- 
ing more securely confined by a fibious capsule The edema disappears and 
circulatoiy distuibance, peripheial to the capsule, is repaiied slowly The 
recovery will continue up to five weeks, in the case of large abscesses, wdien 
apparently it comes to a standstill Duiing this quiescent stage the symptoms 
of sepsis subside and the temperatuie and numbei of leukocytes recede to 
normal or slightly above normal Headaches improve, mental reactions are 
faster, and the number of cells in the cerebrospinal fluid returns to normal 
Localizing symptoms likewise subside but, m spite of the general improvement, 
periodic headaches occui and choked disks and defects in the field of vision 
fail to disappear Reflexes remain exaggerated and motor impairment per- 
sists In cases of abscess of the frontal lobe symptoms of euphoria 01 
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depiession linger The numbei of leukocytes continues to rise to 12,000 to 
14,000 The patient, on ceitain days, is apathetic, lefuses to eat, and prefeis 
to he m bed If it weie not foi the histoiy of infection and the symptoms 
of the initial stage, often it would be difficult to distinguish between those 
symptoms caused by abscess and those pi oduced by a cerebral neoplasm 

Symptoms may continue tlnoughout the quiescent stage for months, until 
the patient is operated upon, because of an eironeous diagnosis of brain tumor, 
01 dies fiom lupture of the abscess into the ventricular system or subarachnoid 
spaces Small abscesses heal spontaneously with disappearance of all symp- 
toms Symptoms of abscesses that have been drained surgically disappear, 
unless important tracts and coitical centers have been destroyed by the in- 
flammatory process Mutilating operations likewise conti lbute to permanent 
injury of cerebial tissue Epilepsy is a sequela to localized encephalitis and 
abscess, and it may appear in any case in which there has been a lesion in the 
frontal, tempoial, or panetal lobes The incidence of this condition may be 
lowered by propel and adequate drainage Subsequent lesection of the scar 
may offei some amelioi ation and relief of epileptic seizures 

S logical Considerations — It took many yeais to learn that peiformance 
of a hasty, emergency opei ation was futile and was accompanied by a high 
mortality 21 This high moitality undoubtedly will follow if the surgeon 
yields to insistence that he do something as soon as a diagnosis of cerebral 
abscess has been made 24 Every cei ebral abscess passes through a stage of 
encephalitis before encapsulation occuis It is during this stage that the in- 
fection is vnulent and is disseminated most easily Some surgeons argue 
that unless the necrotic tissue is lemoved the patient will die This is true in 
the occasional case, and cases have been leported in which aspiration of 
neciotic matenal was successful, more often than not, however, the infection 
is disseminated by suigical intei vention and the patient dies from fulminating, 
suppui ative memngo-encephahtis I believe the best proceduie to employ 
dui mg the acute stage is supportive tieatment, lest in bed, high caloric diet, 
spinal drainage, ice bags to the head, fiequent catharsis, moderate amounts of 
fluids, and, if the patient is comatose, occasional intravenous administration 
of an h) pei tonic solution of glucose 

Encapsulation takes place in two to four weeks The process is an in- 
dication that immunity is being established It is charactei lzed by a decrease 
in the number of leukocytes to 12,000 to 14,000 The temperature, likewise, 
leturns approximate!} to normal, ioo° F (378° C ), or lower The number 
of cells in the cerebrospinal fluid, if increased, returns to normal The 
cerebral symptoms gradually subside, but seldom disappear completely until 
the abscess is drained Choking of the optic disks, if present, may continue 
until optic atiophy lesults When encapsulation and immunity have been 
established, thorough and continuous diainage is necessaiy to effect a cure 
without recunence of the abscess 

Siugical Technic — The ideal exposure of a cerebral abscess is one that 
allows the surgeon to enter the cranium through a clean field over the ab- 
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scess 2 - 3 ' 0 s Exceptions to this mle aie when it is desnable to avoid a seal 
m the frontal legion 01 when it is necessaiy to pass though a zone of osteo- 
myelitis to leach the abscess In entenng the skull though a clean field, the 
site is chosen wheie the abscess is neaiest the coitex 01 which will give the 
best diamage 1{ A small incision, 5 cm 111 length, is made m the scalp A 
ciamotomy 3 cm in diametei is usually laige enough to affoid ample expo- 
suie The meninges and coitex aie then sutuied with mteriupted stitches 
of catgut about the maigms of the decompiession to prevent separation of 
the cortex fiom the dui a when intiaciamal piessuie is leheved by draining 
the abscess The meninges and coitex aie fuithei sealed and glued together 
by use of the electrocoagulating cui lent A ciucial incision is made m the 
dui a to expose an area of biam about 2 cm m diametei The margins of 
the w r ound aie covered with w r et stups of cotton in order to minimize the 
spiead of pus between the dui a and skull The coitex overlying the abscess 
is fiequently edematous and cyanotic 111 appearance 

A lound-tipped biain cannula is used to locate the abscess The resistance 
of the capsule of the abscess gives one the impiession that the cannula is 
being placed against a flexible, hollow r lubber ball If the abscess has been 
theie for a long time, the resistance may be so gieat that it is impossible to 
penetiate the capsule without incising it Small abscesses may be overlooked, 
because the firm capsule is capable of deflecting the cannula unless it is duected 
toward the center of the abscess As soon as the cannula enters the abscess, 
the tiocai is lemoved and a Luei synnge, with an intei vemng rubber con- 
nector, is attached to the cannula The pus is gently aspirated and the cavity 
is cleansed wuth small quantities of physiologic saline solution The cavity 
of the abscess is explored by incising the cortex and capsule with an electro- 
surgical needle, using the cannula, which has been left m place, as a guide The 
capsule is opened for a distance of 2 cm 111 oidei to insert an illuminated 
retractor This makes mtracapsular exploration possible, permits fuither 
cleansing of the cavity of the abscess, and assuies against overlooking pockets 
communicating with the abscess During this proceduie the capsule is re- 
tracted outwaid against the cortex and skull until the cavity is packed, thus 
preventing reti action of cerebral stiuctures away fiom the skull 18 

To assure against collapse of the coitex following drainage of an abscess, 
I fill the cavity, about the two inserted tubes, with loosely packed strips of 
iodoform gauze This continues to keep the capsule moderately distended, 
instead of allowing it to crumple and give rise to loculated pockets within 
the capsule The strips of gauze are shoitened daily until they are removed 
on the tenth day The gradual collapse and conti action of the capsule prevent 
recurrence of abscesses and the development of ceiebral fungi 

The two tubes are sections of catheters They are left undisturbed until 
after the gauze has been lemoved One is shortened on alternating days until 
removed on the twenty-first day , the other is shortened as the smus closes m 
and forces it out, which requires fiom foui to six weeks At opeiation, the 
tubes are fastened to the skin to prevent accidental removal during the daily 

513 



ALFRED W ADSON 


Annals of Surgery 
October 1938 


withdrawal of gauze Following lemoval of stitches, the tubes are prevented 
fiotn falling out by transfixing the exposed ends with safety pins and fasten- 
ing these to the skin with strips of sterilized adhesive tape Strips of vasehned 
gauze are placed over the margins of the wound to prevent the gauze dressings 
from adhering to the wound The second tubular dram occasionally is ex- 
changed for a smaller one after the third week but at no time is the cavity 
irrigated, for feai of disseminating the infection The patient is allowed to 
get out of bed after the second day and to leave the hospital after two weeks 
Iiis subsequent diessings are done at the office 

Othei Technics — Aspiration by needling has a limited field of usefulness 17 
It is most useful m draining small, sterile, deeply seated abscesses One 
aspiration, 01 two, may be sufficient to dram a sterile abscess but, when the 
organism still remains active, refilling continues until adequate, continuous 
diamage has been instituted There is also danger of spreading the infection 
by repeated aspiration, as it is impossible to insert and to withdraw the needle 
through the same tract 

Tieatment of the Capsule — Again I find surgeons divided m their opinions 
as to the best treatment of the capsule It must be accepted that if the capsule 
is left m place, it will result in a fibrous scar Although this does occur, can 
it be avoided, and should the capsule be removed at the time of the initial 
opeiation or at a later date? Macewen , 31 Bagley , 9 Hassin , 23 Cone 14 and many 
othei s have demonstrated the pathologic changes that develop to form a cap- 
sule about the abscess From clinical experience, it is apparent that the 
capsule continues to thicken for several months if the abscess is unrecognized 
Therefore, it is fan to assume that the walls will collapse more leadily and 
will be thinnei if the abscess is drained properly as soon as immunity and 
encapsulation have taken place To assure collapse of the capsule, King 20 27 
and Cahill 12 have suggested 1 emoval of the overlying cortex and the peripheral 
dome of the capsule King and others have suggested removal of the capsule 
at the initial operation This proceduie hastens lecovery when it is possible 
to remove the abscess and capsule without opening it Bagley leported such 
a case and I removed such an abscess but was unaware that I had done so 
until the mass was opened later The wound, m this case, healed per primam 
without any drainage My experience with removal of capsules following 
evacuation of the pus, howevei, has not been satisfactory, because secondary 
suppurative encephalitis develops that is more troublesome to treat than the 
original infection If drainage is not instituted, pus becomes inspissated and 
foims the caseous center of a fibrous mass The mass will contract gradually 
until there remains but a small nodule of what once was an abscess, 3 to 5 cm 
in diameter The larger abscesses are more likely to rupture into the sub- 
aiachnoid spaces and ventricular system than the smaller ones, consequently, 
it is unsafe to wait for these to disappear spontaneously I cannot concur 
with those who believe that the rigid capsules will not collapse, for experience 
has demonsti ated that all have collapsed, if properly drained The difficulty 
encounteied with recurient abscesses, attributed to failure of the capsule to 
collapse, I believe is owing to failure to secure adequate and continuous drain- 
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age Epilepsy is a symptom and a sequela that will be encounteied m the 
tieatment of suppurative diseases of the biam Medication and dietary 
1 egimens offer some assistance m the management of epilepsy If capsules 
01 scats are to be lemoved, I believe it is safer to do so aftei the acute in- 
fections have subsided, as piacticed by Penfield 34 

Cerebellar Abscess — Ceiebellai abscesses have been the most difficult to 
tieat of all ceiebial abscesses, because collapse of the ceiebellum following 
chamage fiequently lesults m contamination of the subaiachnoid spaces and 
gives use to fatal meningitis Treatment of this gioup of abscesses has con- 
vinced me that the suigically sealed cerebial wound has a useful place in the 
tieatment of biam abscesses The usual piepaiation and delay aie employed 
to make siue that encapsulation has taken place It may be tiue that the 
zone of inflammation and adhesion is situated along the sigmoid sinus or 
petious bone, but I have found it most advantageous to exploie the ceiebellum 
at the most accessible place, which is over the dorsum of each cerebellai lobe 
The technic fiom this point on is similai to that pieviously described Elec- 
trocoagulation alone cannot be lelied upon to seal the meninges and the cortex 
but must be combined with the use of numeious intei rupted stitches of fine 
catgut to tiansfix the meninges and cortex aiound the margins of the limited 
ceiebellai exploiation Leakage of ceiebiospmal fluid must not occur The 
biam cannula should be duected m an outwaid, upward direction to avoid 
entei ing the foui th venti lcle Othei wise the standard technic is used 

SUMMARY AND CONCLUSIONS 

The surgeon should employ suppoitive measures, such as high calonc 
diets , also, when the infection is the result of Staphylococci 01 Streptococci 
invasion, occasional administration of vaccine and sulphamlamide are helpful 
Osteomyelitis of the skull should be treated similarly to osteomyelitis of 
othei bones, this tieatment consists of thoiough sequesti ectomy and lemoval 
of all dead bone The wound should be cleansed with tmctuie of iodine and, 
if diamage is instituted, the diam should be removed within 48 hours and the 
scalp closed with sutures of silkworm gut 

Moitahty will be lowered m the treatment of ceiebral abscess if the sui- 
geon employs some of the same punciples that are employed 111 the tieatment 
of suppurative lesions elsewheie 111 the body 21 

I11 cases of suspected cerebral abscess resulting fiom infections about the 
ear, with indefinite localizing symptoms, 01 with localizing symptoms and 
signs that are conflicting, I have observed the mle of exploring the temporo- 
sphenoidal lobe befoie exploung the ceiebellum on the side of the infected 
ear because of the higher ratio of incidence of temporosphenoidal abscess 
If, on study of the physical and neurologic signs, I fail to localize a 
suspected abscess, peiformance of cerebral pneumography is justifiable 

Adequate and continuous drainage should be instituted after encapsulation 
has taken place 

If capsules are to be lemoved, it is bettei to lemove them after the acute 
infection has subsided 
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Discussion — Dr Francis C Grant (Philadelphia, Pa ) Doctor Adson 
has called attention to two very important points 111 the tieatment of osteo- 
myelitis First, the letention of the pericranium, because from that peri- 
cranium, new bone will regenerate I should like to detail a case which will 
substantiate Doctor Adson’s opinion I should also like to ask Doctor Adson 
about his treatment of the more acute osteomyelitic cases We see, through 
the nose and throat seivice, a good many cases of acute frontal sinusitis which 
develop into acute osteomyelitis of the frontal bone and spread rapidly through 
the bone That is the type of case of osteomyelitis which certainly, 111 our 
opinion, is veiy much more difficult to handle than are the chronic cases 

A female, age 12, was admitted to the hospital 111 1934, following bilateral 
frontal sinusitis resulting fiom diving She developed an acute osteomyelitis 
which involved both frontal bones We had to take off all of her frontal and 
temporal bones on either side This was accomplished in two stages, neces- 
sarily so, because her condition was poor, but we finally were able to get 
beyond the edge of the infected bone These operations were performed m 
January and February of 1934 Aftei a prolonged convalescence the wounds 
healed Skm grafting was necessary 

Roentgenologic studies, in May, 1934- showed that nearly all of both 
frontal bones and over half of each temporal bone had been removed Rut 
the pericranium had been preserved Subsequent roentgenograms, m October, 
1936, showed practically complete regeneration of the debrided bone (Case 
of Gunshot Wound of Head and Case of Osteomyelitis of Skull Annals of 
Surgery, 102, 473-475, September, 1935 ) 
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I should like to ask Doctor Adson one question concerning the treatment 
of subcortical abscess in the brain Does he believe in cortical incision with 
subsequent insertion of packing into the abscess cavity or in simple tap and 
insertion of tube drainage ? 

We leviewed 31 cases that were available in the Neurosurgical Clinic, 
fiom the standpoint of morbidity, to see which group of patients had the most 
satisfactory final result 

We believe that the smaller the opening in the cortex to tap, or tap and 
drain the abscess, the more satisfactory results you will obtain, when these 
patients aie reviewed a year or two later We found that of 23 cases tieated 
by tap or tap and dram, but five had hemiparesis, convulsions or other symp- 
toms of a serious nature In eight cases, m which a cortical incision had been 
made to introduce drainage, seven had a hemiparesis 01 a history of con- 
vulsive attacks 

I am not refening to the immediate mortality but entirely to the morbidity, 
and my impiession is, m the treatment of abscess, if you can handle the case 
successfully by tap or tapping and tube drainage, the eventual results seem 
to be very much better 

Dr Gilbert Horrax (Boston, Mass ) There is just one aspect of Doc- 
tor Adson’s paper on which I would like to comment, and that is the treat- 
ment of the brain abscess I feel as he does, that we have three available 
methods, the first of these being the simple one, which Doctor Grant has 
mentioned, of tapping the abscess and seeing if it is a type with which you 
can deal m that way If the abscess is sterile, or in some instances if it is 
not sterile and can be frequently tapped, this will be sufficient, and I think 
undoubtedly the sequelae are less 

On the othei hand, it has been m> experience, as it has that of others, that 
there are many abscesses in which tapping is not curative They show signs 
of increased bram pressure again very soon m spite of frequent tappings, and 
one must do something more radical for them 

In our series of 18 chronic abscesses, there weie three that were handled 
successfully by tapping Many of the others were tapped several times and 
then we had to do something more serious and moi e radical with them 

The second method is the open method of drainage which, as Doctor 
Adson says, was founded by Macewan, and if one goes back to his tieatise, 
as we all do who are dealing with this sort of thing, one will find that his great 
success was not only the fact that the abscesses were long-standing and well 
encapsulated, but that he did use this wide open drainage, that is, a relatively 
wide opening, which Doctor King subsequently adopted in this country in a 
modified form, and with which he has been so successful 

I think the pi mciple is the same, whether one uses Adson’s, King’s or 
Doctor Cushing’s method, which consists of marsupialization of the abscess 
The latter I have found moie successful because many of these abscesses are 
near enough to the surface and the capsule is of such gieat strength that you 
can take sutures through it and sew it to the galea, and thus make a pouch 
of the cavity and have it entirely extracranial 

I have not seen any cases in which it was necessary to seal off the men- 
inges I have never seen a case where infection took place by meningitis in 
that way It is alwajs by an extension of an osteomyelitic process or by rup- 
ture into the \entncle If the abscess is neai enough to the surface, the 
thing to do, as Doctor King does, is to uncap that area, get down to the abscess 
and empty a pait of its contents The capsule will then protrude toward the 
surface, so that one can put in sutures and sew these to the galea, and have 
a perfectl) outside tube, so to speak 
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The third method is the one which Clovis Vincent has been advocating so 
much i ecently, of extnpatmg the abscess We all run into these occasionally 
and I think that is a method which is veiy good at times, if the abscess is so 
situated that one can do it safely , but I do think if one can make use of the 
simplei methods, the sequelae are going to be less 

Dr James Monroe Mason (Birmingham, Ala ) I was much interested 
m the lemaiks concerning osteomyelitis following denudations of large aieas 
of the skull Some yeais ago, it fell to my lot to care foi two men who, 
within a few days of each other, leceived electnc burns involving, m one 
instance, a laige area of the scalp over the left panetal bone, and in the other, 
large areas over the fiontal and occipital bones 

The piogiessive development of the osteomyelitis m the three bones fol- 
lowed along lines which so closely paialleled each other that it suggests what 
may be expected to take place whenever large areas of the bones of the 
vault of the skull are denuded of then covenngs 

In the bums involving the fiontal and occipital bones, the soft paits soon 
sloughed off and were ti mimed away and the underlying bone was dressed 
antiseptically until such time as the sequestium should become loosened This 
took place within a few weeks, and the loosened bone was lifted off We 
found, m each instance, that the entire outei table had become detached, but 
that the mnei table was viable and remained m place except foi a small aiea 
neai the centei of the wound The entire thickness of bones was neciotic 
and came away with the detached outei table, leaving the duia exposed at 
this point The wounds w r ei e covered with giafts and the patient recovered 
In the case involving the parietal bone, the same plan of tieatment was 
employed, but the outcome w-as not so foitunate About thiee w^eeks after 
the receipt of the mjuiy, the patient suddenly developed hemiplegia and died 
very shortly fiom a laige brain abscess Autopsy rerealed a similar condi- 
tion m the progress of the osteomyelitis which w r e had observed m the othei 
case, namely, that the entn e outer table was becoming necrotic, that the greater 
pait of the inner table w'as lesistmg the piocess, but that a point at the centei 
of the involved area of bone w-as also neciotic The progiess of the infection 
went entirely thiough the bone at this p'omt and a small subdural abscess had 
developed This quickly extended to the brain and a large abscess was found 
m the parietal lobe 

Apparently, m laige flat bones of the skull the inner table receives suffi- 
cient nutrition from vessels sunoundmg the involved aiea to insure its vitality 
when the outei table is denuded, but the circulation near the central part of 
the inner table may not be sufficiently active for its preservation, and necrosis 
follows, allowing infection to come directly in contact with the duia 

It is suggested that in laige denudations, sections of bone corresponding 
to the center of the aiea be lemoved at once, m order that the tendency to 
necrosis of the mnei table at this point be checked and the danger of the 
development of brain abscess be lessened 

Dr Alfred W Adson (closing) In leply to Doctor Grant’s question, 
may I state that when the osteomyelitis is limited to the tables of the fiontal 
sinus the lesion is treated by the otolaryngologist If the lesion extends to the 
tables of the frontal bone, the operation is divided into two portions The 
disease of the frontal sinus is taken caie of by the otolaryngologist and the 
disease of the frontal bone, by the neurosurgeon 

I prefer to seal the meninges to the brain, as described, rather than to 
employ the technic of extirpation of the abscess, since thus theie is less danger 
of contaminating the subaiachnoid spaces This is especially true of cere- 
bellar abscesses 
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The piesent methods foi the control of inci eased mtraciamal pressure 
lequire some time to become effective and depend upon certain physiologic 
principles Even if these principles may be questioned on expenmental and 
clinical grounds, 1, 2 3 4 - r '< G fiom clinical evidence the mortality late has de- 
clined undei this method of treatment Muni o, 7 in 1925, repoited a series 
of cases collected fiom the hteiatuie with a mortality rate of 3 7 8 per cent 
Fay 8 repoited a senes of cases m which those patients who survived six 
hours after admission showed a 104 per cent moitahty, and Ochsner 9 reports 
a total mortality rate of 84 per cent By excluding those patients who died 
in the first 24 horn s, a mortality rate of 3 9 per cent was obtained The 
method for controlling intracranial pressure we wish to present depends on 
mechanics alone, is lapid, and we think effective m most cases Within the 
cranial cavity theie aie three substances that aie important Mumo 10 pointed 
this out in 1783, and Kellie, 11 111 1824, elaboiated the idea These aie the 
hi am substance, the blood vessels with then contained blood, and the cerebro- 
spinal fluid A change 111 the volume of one means a change must occur 
in the volume of one or both of the othei substances The result is that the 
piessuie 111 the blood vessels, especially the veins, as was pointed out by 
Gnnkei, 12 is inci eased and this piessure causes a use 111 the systolic piessure 
with a slow, full pulse, with an increased pulse pressure, 111 the systemic circu- 
lation Cushing called attention to the fact that our museums have many 
examples of fractuied skulls, but theie were veiy few examples of injuied 
biams, and that aftei all the biain itself was moie impoitant than the fracture 
While our clinical evidence indicates that the moitahty rate is impioved, little 
or no attention is paid to the morbidity resulting from cranial injuries 

Lowenberg, Waggonei, and Zbmden, 13 Caine, 14 Davies, 15 Hahn, 10 and 
McKean Downs 17 have called attention to the effect of anoxia on the biain 
in mtious oxide anesthesia Lowenberg, Waggoner, and Zbmden report 
tlnee cases 111 which there was destruction of the cortex and basal ganglia 
following the use of nitrous oxide oxygen anesthesia, and one case with 
clinical evidence of a sinulai process These authois point out that death 
occurs at varying times following the start of the anesthesia, varying fiom 
20 seconds to an hour and a quarter, or it may be hours, days, or weeks be- 
foi e death takes place , or the case may 1 ecover with residuals present after 
) ears Signs of anoxemia do not necessarily have to be present Lowenbeig, 
Waggonei, and Zbmden consider two possibilities (1) Asphyxia, and (2) 
toxic effect of the gas The)' find support for both ideas, but believe that 
the toxic effect of the gas is the more hkel)' cause of the destruction 
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Comville 18 leports 13 cases, nine of which died He considers that 
anoxemia is one of the factois causing changes m the brain and develops a 
pathology which shows (a) A sclerosis of scatteied pyianudal cells, (b) 
disci ete pale areas m the cortex, (c) patchy necrosis of the supeificial, intei - 
mediate, deep, 01 all coitical layeis, (d) a subtotal destruction of the cortex, 
01, (e) if the patient suivives foi a sufficient mteival, a vasculai scar may 
result due to the foimation of new blood vessels Cellular changes are noted 
111 the individual cells Anoxia has been given little attention All tissues of 
the body may be mjuied, and the degree of anoxia and the length of time 
necessary to effect damage vary with the individual case The anesthetist 
by pi oducmg anoxia dui mg the anesthesia can produce symptoms comparable 
to those resulting fiom ceiebial tiauma, and fiom Came’s case one can see 
how permanent the damage can be 

The physiologists recognize a cntical blood pressure of 80 Mm of mer- 
cuiy Clinically, if the systolic piessuie remains at this level for 30 minutes 
or longer, with a very lapid pulse, the patient may be m senous dangei If 
the pulse is slow, theie is no danger With the development of increased 
pressure in the ciamal vault, the supply of oxygen will vaiy The patient 
may recover, but have mepaiable damage of the brain tissue, giving a mor- 
bidity which is almost entirely ovei looked The lesults of the piesent 
methods of reducing mtraciamal piessure require seveial houis, and extensive 
damage ma}'- take place There aie other times when a quickei lelief of intra- 
ciamal piessure is desnable This mechanical method was called to our at- 
tention, m 1931, by J R Learmonth in a case wdiere the increased inti acranial 
pressuie ivas causing vomiting and headache, in a young girl upon whom 
Learmonth had opeiated, and found a medulloblastoma Following the sub- 
occipital decompiession and subsequent deep theiapy, there was improvement 
for a time With the return of pressuie, life became unbearable for the 
patient A ureteral catheter, No 6 Fi , was inserted into the ventucle through 
the old trephine opening, the pressure released, and as long as the drainage 
was effective, the patient was comfortable 

Fay and Chamberlain 19 have called attention to the fact that if the cerebro- 
spinal fluid can be reduced 1 cc in volume and kept that way for an hour, 
it would mean 120 cc of extra blood to the brain Ten cubic centimeters’ 
reduction for one hour would mean 1,200 cc This brings up a number of 
possibilities when the vanous problems of increased mtiaciamal pressuie aie 
considered, for by means of continuous ventricular diamage, the ceiebiospmal 
fluid volume may be reduced rapidly and for longer periods of time 

The method consists of mseitmg a No 6 Fr uieteral catheter through a 
trephine opening 111 the skull The ventricle is first punctured with an or- 
dinary ventricular punctuie needle in order to make a path Into the ureteral 
catheter the stylet of the ventucular needle is placed, so as to make it firm 
The stylet and catheter aie introduced into the ventricle thiough the pre- 
viously formed path made by the ventricular puncture The catheter is 
anchoied with a veiy fine linen stitch to the skm The top of the catheter 
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should be a little above the skin to prevent the skin from closing over the 
catheter A 1-2,000 bimodide of mercury dressing is placed over the catheter 
end The catheter may become occluded It is opened by mseiting into 
the cathetei a long needle, and then aspirated After a week or more, sup- 
puration may develop at the skm, and the catheter has to be removed and 
inserted on the othei side Howevei, the catheter may be kept foi longei 
periods, depending upon the development of suppuration at the skin We 
have used this method m 24 cases for the following leasons 

Preoperative reduction of cranial pressuie to help stabilize the patient and 
to pi event sudden pressuie changes at the time of operation Case 14 illus- 
trates this point 

Case Report — J W C (Hosp No 97921), male, age 4, had a posterior fossa 
lesion A suboccipital exploration, under novocaine block, was attempted With the 
completion of the injection, the patient stopped breathing When turned on his back, 
breathing promptly began Thirteen days later, a general anesthesia was attempted, 
with the same result Four days later the patient was placed on his side and a ventricular 
drain inserted The cerebrospinal fluid was under great tension In three days the 
drainage was less profuse, and ten days later a general anesthesia, intratracheal, was 
given and a suboccipital exploration revealed a spongioblastoma extending from between 
the cerebellar hemispheres into the fourth ventricle He died that night with hyperthermia 
and signs of medullary failure 

Because of the met eased intiacianial pressuie this patient could not be 
placed face down By leheving the piessuie, the operation could be postponed, 
and he could rehabilitate himself We have used ventnculai diainage in 
patients with high intiacianial piessuie to give them a period befoie opera- 
tion to allow them to habilitate themselves, and to obviate the sudden release 
of intracranial piessuie at the time of opeiation 

Postopeiatively we have used ventncular drainage to prevent pressure de- 
veloping, and making for a smoother convalescence Fluids are not kept at 
low levels, and the patient does not need to have repeated injections of hyper- 
tonic suci ose or magnesium sulphate enemas 

When opeiation has failed to lemove the cause of the intiacianial pres- 
suie, rentncular drainage conti lbutes to a smoothei convalescence and puts 
the patient in bettei condition foi ladiation theiapy 

By leheving the increased intiacianial pressuie, symptoms and physical 
signs may develop that will aid in diagnosis, 01 signs that aie due only to 
mci eased piessuie may disappear 

Horrax suggested that when venti lculography was undei taken, in order 
to pi event the development of an acute inciease m the mtraciamal pressure, 
the patient should be operated upon the same day If symptoms of pressure 
arise following ventriculography, a cathetei inserted into the ventricle will 
1 educe the pressure and there is no need to perform an emergency operation 
Cerebial hernia with sepaiation of wound edges resulting m cerebral fungi 
may be conti oiled and the skin edges will heal Case 2 had to have the bone 
flap removed because, m spite of all attempts at reducing the pressure, the 
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dm a could not be dosed The skin was closed, but m seveial days theie 
was a gaping of the wound with some visible biam substance Various at- 
tempts to get the wound to heal weie of no avail A ventuculai dram was 
then nisei ted, and m foui weeks the skm had completely healed By a 
judicious use of ventncular diamage, postopeiative heima may be avoided 

We have not used ventuculai diamage in ciamal mjuiies The other 
conservative measuies have been sufficient, but we would not hesitate to use 
it when conseivative measuies failed 

Of the questions that anse as to the complications consequent to employ- 
ing this proceduie, natuially the fiist is infection It is a definite risk Of 
the 24 cases, six showed definite cloudy fluid A careful examination of the 
piotocols will show that this is not associated with the length of time the 
drains iveie left in It also shows that a cloudy fluid will clear up (Cases i 
and 15) In the 24 cases, nine aie alive and 15 died Of the six cases with 
cloudy fluid, then penods of drainage vaned from five to 60 days Two of 
these cases recoveied, one (Case 1) was diamed 32 days, and anothei (Case 
15) was diamed 39 days The othei cases, 18 m number, weie diamed 
from eight houis to 79 days (Table I) 

Table I 


INCIDENCE OF DEVELOPMENT Or INFECTION ATTER DRAINAGE 


Case Infection 

Drainage Time 

Result 

1 

Positive — Cloudy fluid 7 days 

32 days 

Recovered 

2 

Negative 

40 days 

Recovered 

3 

Negative — (New catheter 8 days P 0 ) 

13 days 

Recovered 

4 

Negative 

10 days 

Died 

5 

Negative (Patient expired same evening Temperature 



106 0 F Intracranial pressure not increased) 

8 hours 

Died 

6 

Negative 

28 days 

Recovered 

7 

Negative 

8 days 

Recovered 

8 

Positive (16 days after insertion developed parotitis 

Cul- 



ture showed strep , staph , and encapsulated 

gram- 



negative bacilli (Klebsiella ozaenae ) 

17 days 

Died 

9 

Negative — Catheter lost 

79 days 

Died 

10 

Negative 

21 days 

Died 

ir 

Negative 

11 days 

Died 

12 

Positive — 22 days 

60 days 

Died 

13 

Negative 

9 days 

Died 

14 

Negative 

10 days 

Died 

15 

Positive — 15 days 

39 days 

Recovered 

16 

Negative 

12 days 

Recovered 

17 

Positive — 10 days 

18 days 

Died 

x8 

Negative 

14 days 

Died 

19 

Negative 

3 days 

Died 

20 

Negative 

6 days 

Died 

21 

Negative 

10 days 

Recovered 

22 

Positive — 6 days 

7 days 

Died 

23 

Negative 

25 days 

Died 

24 

Negative 

22 days 

Recovered 
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There weie postmen tem examinations m 13 of the 15 deaths Nine cases 
showed no evidence of infection , four cases showed definite evidence of 
infection Of the four cases with positive fluid findings antemortem, two 
showed definite evidence of infection, in one case there was no postmortem 
Case 12 showed a purulent sphenoiditis with eiosion of the sella turcica, brain 
abscess, and purulent ependynntis , but the pathologists believed this to be 
secondary to a suppurating sphenoiditis with erosion of the sella turcica 
(Patient had an angioma removed at operation ) Case 8 showed nothing 
Case 22 showed an empyema of the lateral ventricles, the third ventricle, and 
a basilar meningitis 


Table II 

TIME OF DRAINAGE IN POSITIVE CULTURES Or SPINAL FLUID 


Case 

Development 
of Infection 
after Drainage 

Result 

1 

32 days 

Recovered 

8 

17 days 

Died 

12 

60 days 

Died 

15 

39 days 

Recovered 

17 

18 days 

Died 

22 

5 days 

Died 


Eighteen other cases drained from 8 hours to 79 days Of 24 cases, 9 recovered and 
15 died 


Table III 

POSTMORTEM EVIDENCE OF INFECTION 

Evidence of Infection 


Case 

4 

5 

8 (Positive culture) 

9 

10 

11 

12 (Positive culture) 


13 

14 

1 7 (Positive culture) 

18 

19 

20 

22 (Positive culture) 

23 


Negative 

Negative 

Negative 

Negative 

Local meningitis Fluid 
clear 
Negative 

Infection started m 
purulent sphenoiditis 
Purulent ependymitis 
Negative 
Negative 
No postmortem 
Showed sporotrichosis 
Negative 
Negative 
Positive 
No postmortem 


When we analyze the four cases with positive postmortem findings (Cases 
8, 12, 17 and 22), we find Case 8 developed a parotitis that responded to 
treatment, and, because of high pressure, the drainage was continued There 
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was an exudate ovei pons, medulla, mferioi poition of the cerebellum, and 
onto the occipital lobes extending forward to the optic chiasma Case 12 
developed secondaiy to a suppurative sphenoiditis with eiosion of the bone, 
brain abscesses and puiulent ependymitis with purulent bronchitis and broncho- 
pneumonia Case 17 showed scatteied granulomatous lesions secondaiy to a 
spoiotiichosis, and Case 22 showed an empyema of the lateral ventricles, 
thud ventricle, and a basilar meningitis Case 18, with a pai otitis, Case 12, 
with a suppurating sphenoiditis with extension , and Case 17, secondary to a 
spoiotiichosis, can haidly be attnbuted to ventnculai diamage Case 22 is 
dnectly attributable to ventnculai diamage (Tables III and IV) The first 

Table IV 

SUMMARY OF SIX CASES WITH 
POSITIVE CULTURES 

Two Recovered — Cases 1 and 15 
Four Died — Cases 8, 12, 17 and 22 

Case 8 

Drained 17 days 

Infection developed after drainage 16 days 

Parotitis developed 4 days after ventriculography 
Case 12 

Drained 60 days 

Cloudy fluid after drainage 22 days 

Bronchopneumonia after drainage 24 days 

Had a purulent sphenoidal sinus with erosion of 
bone and extension to cranial cavity 
Case 17 

Drained 18 days 

Ten davs after drainage, cloudy fluid At same 
time developed pulmonary congestion, broncho- 
pneumonia and urinary infection 

No postmortem 
Case 22 

Drained 7 days 

Cloudy fluid developed after 6 days 

Empyema of lateral and third ventricles 

Basilar meningitis 

drain ceased to function, and a new dram was inserted through the old 
pathway The symptoms of infection and cloudy fluid developed soon after- 
ward Of the 15 deaths, the 13 postmoi terns showed no evidence m nine 
cases Of the four cases that showed postmortem evidence, only one case 
can be attnbuted to the method (Table V) 

Repeated roentgenologic examinations of patients with ventricular drains 
m place have been made, and very little or no air has been found 111 the 
ventricles While attention has been called to the nritatmg effect of air in 
the ventricles, we were unable to piove that it played any role m ventricular 
di amage 

Drainage of the ventricles was not possible unless theie was increased pres- 
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sure present The catheter would become occluded very quickly, which we 
believe enhances very greatly the entiance of infection into the ventricle 
The infection around the catheter at the skm edge varies a great deal 
The length of time the catheter is present has no relation to it Catheters 
have been present for many days without any infection developing In some 
cases, infection is present as soon as it can develop We believe the presence 
01 absence of infection depends on dosage, vnulence of the bacteria, and the 
local and geneial resistance of the patient 

Table V 

SUMMARA or POSTMORTEM EVIDENCE 
OF INFECTIONS 

9 Cases — No postmortem evidence 
2 Cases — No postmortem obtained 
4 Cases — Positive evidence of infection 
4 Cases — Positive cultures 

2 — Positive postmortem findings 
i — No postmortem 
i — No findings 

In the 24 cases, we lost the catheter in Case 9, due to its slipping into 
the ventricle, and, at postmortem, it was found to have migrated into the 
anterior part of the ventricle and imbedded itself foi a distance of about 1 cm 
into the cerebral tissue This case was diained 79 days, and the ependyma 
showed no evidence of inflammation 

Catheters have been fixed by using a fine cambnc needle with a linen 
thiead, the suture going thiough both the catheter and the skin, it is then 
tied This has proved to be most satisfactory 

SUMMARY AND CONCLUSIONS 

While physiologic methods are available to control intracranial pressure, 
we present a mechanical method that is not new, for it has been employed 
in meningitis, to lelieve pressure 111 hydi ocephalus, and in reducing pressure 
prepaiatory to deep radiation It is rapid, and in case of the cerebrospinal 
fluid will reduce the volume as long as the dram works We have used it m 
24 cases and found it to be of aid m 1 educing increased intracranial pressure 
pi eoperatively and postoperatively , to stabilize patients who have had pres- 
sure for some time, to aid in diagnosis, to 1 educe emergency opeiations 
aftei ventriculograms or m acute or high intracranial pressure , and to heal the 
skin over cerebral hernia Theie is a real dangei of introducing infection, 
and, because of this, we feel that this procedure is one that must be used care- 
fully and only after weighing the indications Cushing’s use of ventnculai 
punctuie in cases of increased intracranial pressure at the time of opeiation 
greatly -widened the operative field in neui osurgery This pioceduie may aid 
in its application to a still videi field 
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Discussion — Dr Alfred W Adson (Rochestei, Minn) I wish to 
support what Doctor Schmidt has said We have had occasion to use con- 
tinuous ventncular diamage 111 a numbei of instances Occasionally ven- 
tricular drainage is peifoimed 111 connection with a ventriculogiam and then 
it is found that it is impossible to continue with the ciamotomy the same 
day, which I prefei to do whenever possible In that event, we have mtio- 
duced a catheter into the ventncle to conti ol mtiacianial piessure until the 
next day This is of special value when there is present an extensive hypei- 
encephahtis owing to a block in the aqueduct or m the region of the fourth 
venti lcle 

At one time we used a ureteral cathetei, but dui mg the last few yeais we 
have been using a No 10 Fiench urethial catheter, which is laigei and is less 
likely to become plugged Thus we dimmish the dangei of ependymitis by 
adjusting the catheter We also have employed it when we have been 
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called upon to drain a ventricle following craniotomy m cases in which le- 
peated ventncular taps aie necessaiy 

In a number of instances, we have been compelled to lesort to continuous 
ventricular drainage when it was impossible to remove the lesion On a few 
occasions we have been able to withdiaw the cathetei when the block was le- 
lieved by irradiation of the tumor 

We have had cases m which ependymitis has developed I think it has 
occurred less frequently when the larger cathetei has been used We have 
also had the cathetei slip into the ventricle 

Dr Howard Lilienthal (New York, NY) I would like to suggest 
that instead of using a uieteral catheter, which seems to me to be rather a 
rough sort of thing to use m the brain, a very thin, pure silver catheter be 
employed, or, if there are objections to that, have a thick-walled cellophane 
catheter made, which is absolutely nonn ritating It seems to me that these 
would be preferable to the uieteral catheter, which cannot really be sterilized 
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PROGRESSIVE EXOPHTHALMOS ASSOCIATED WITH DISORDERS 

OF THE THYROID GLAND 

Howard C Naffziger, M D 

San Francisco, Calif 

FROM THE DEPAKTMFXT OF SUKGUU , UNIA ERSITA OF CALIFORNIA MEDICAL SCHOOL, SAN FRANCISCO, CALIF 

Prior to 1931, a leview of the liteiatuie showed no concurrence of opinion 
as to the reasons foi the progressive exophthalmos occasionally seen follow- 
ing thyi oidectomy At that time our expenence with a severe case resulted 
in the proposal of an operative tieatment which was successful and which 
permitted an investigation of the pathologic changes involved 2 Since then, 
additional expenence has been gamed fiom the obseivation and treatment of 
a consideiable number of cases, so that now, the pathologic changes involved 
111 this condition have been verified repeatedly by numerous observers, and the 
value of pioperly directed surgical tieatment is well suppoited The interest 
of many woikeis relative to the etiologic factois involved has also thiown 
light on the cause of this serious condition Our consideiation has been given 
to one particulai group, namely, those patients who have progressive exoph- 
thalmos associated with disordeis of the thyroid gland, and m whom the 
exophthalmos has progressed to the point at which both the patient’s vision 
and his life are tlueatened In the past, in this seveiely affected — but for- 
tunately small — number, protrusion of the eyes progressed until ophthalmitis 
resulted, and death invariably occurred from orbital infection and resultant 
meningitis Varying degrees and rates of piogiession of exophthalmos are 
commonly seen and, 111 the majonty of patients, the pioptosis, fortunately, 
becomes arrested befoie it reaches an extreme stage 

Many questions lemam unanswered concerning the exophthalmos of thy- 
roid disease For a numbei of reasons, it has been impossible to secure all 
the exact information that one might like m order to form an opinion on the 
relation of exophthalmos to thyioid disease Clinical records indicate that 50 
per cent, more or less, of patients who have exophthalmic goiter present 
exophthalmos These figures actually mean little or nothing for the following 
reasons A clinical notation of the presence of exophthalmos is ordinarily 
made when the patient has eyes which appeal prominent, with wide lid slits, 
and a staring expression By definition, exophthalmos is an abnormal pro- 
trusion of the eyeball, but the opinion of even a skilled clinical observer is 
valueless as to this point except m the most advanced cases, and even then 
the most experienced are unable to appioximate the actual exophthalmos as 
shown by measurement In addition, the relation of the eyeball to the orbit 
shows very wide normal variations Without knowing the exophthalmometer 
reading prior to the onset of the disease, one may be unable, even after meas- 
urement, to express an opinion as to whether or not there has been abnormal 
protrusion Alterations 111 the position of the eyeball, however, can be fol- 

529 



HOWARD C NAFFZIGER 


Annals ofSurgery 
October 193b 


lowed so that progiessive changes m its position can be accurately measured 
and judged Our own hospital records and the writings of vaiious clinician^ 
expressing opinions as to the presence or absence of exophthalmos in a given 
series of cases are inaccurate and all but valueless 

Clinical impressions based upon the appeal ance of the patient are almost 
entirely dependent upon the width of the lid slits, and changes of several mil- 
limeters m the position of the eye with reference to the orbit cannot be appie- 
ciated Even with extieme degrees of exophthalmos, if the lid slits aie nar- 
row, a very erroneous impression is gamed, and even marked degrees of 
exophthalmos may not be appreciated at all Gi anting that our use of the 
term exophthalmos is loose and inaccurate, one cannot say much more than 
that, aftei an opeiation foi goiter, the apparent exophthalmos disappears in 
about one-half of the cases and lessens m an additional 15 or 20 per cent In 
others it may lemain unchanged, but m a few there will be progression of 
varying giades This progiession may continue slowly, causing no more dif- 
ficulty than that involved in an unsightly appearance of the patient, progies- 
sion may halt at any time and it is, foitunately, in only a very small number 
that it will progiess to the dangei point 

Previous publications 1 2 3 4 have lef erred to and reviewed the varied and 
ineffective methods of treatment that had been tried, such as sutuies of the 
lids, tarsorrhaphy and canthotomy, vaiious plastic operations on the conjunc- 
tiva, incisions of the lids 01 removal of fat, the Kionlein operation, and 
section or removal of sympathetic nerves In connection with the latter, it 
has been demonstiated that the width of the lid slit is lessened and the appeal - 
ance of the patient altered by such operations on the sympathetics, but no 
change occuis m the 1 elation of the globe to the 01 bit In a gioup of patients 
111 whom improvement of the appeal ance is the aim, a similar lesult can be 
achieved by advancing the outei canthus by a sutuie which will nairow the 
lid slit While 111 animals, stimulation of the sympathetics can pioduce pro- 
trusion of the eyeball through stimulation of the smooth muscle fibers of the 
orbit, actual profusion by this means does not occur 111 man Sympathetic 
effects are indicated 111 human beings only by widening of the lid slits, altera- 
tion of the pupil, and vasomotor changes, without alteiation of the position 
of the globe 

Fiom peisonal communications and lepoits 111 the literature, operations 
foi this condition have been peifoimed by Doctois Semmes, Crutchfield, 
Horrax, Adson, Ciaig, McKenzie, Teachnoi, Oldberg, Ochsner, Dandy, Mix- 
ter and White The cases of these suigeons, with oui own eight, make a 
total of 31 In this series, two deaths Aveie leported and four results were 
considered poor One of the poor results was in oui own senes, opeiation 
did not halt the condition, so that later the enucleation of one eye was neces- 
sary and the coinea was badly infiltrated in the other In the patients reported 
by other surgeons as having pool or unsatisfactory lesults, it is notable that 
no eyes were sacnficed and there v r eie no late deaths fiom meningitis caused 
b} progression of the condition Considering the hopelessness of these seveie 
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cases of progiessive exophthalmos when untieated, the results have been 
astonishingly giatifymg 

In oui eight patients who suff eied from severe piogiessive exophthalmos 
requinng operation, the age vaiied from 28 to 53 yeais Four were females 
and four, males All had maiked thyiotoxicosis at some time All had had 
thyioidectomy foi the characteristic symptoms of toxic goitei These symp- 
toms weie lelieved by opeiation but theie was no effect on the exophthalmos 
Usually, 111 two months 01 thereabouts, some piogiession of the exophthalmos 
became evident At the time they piesented themselves for tieatment, their 
basal metabolic lates vaiied from noimal to minus 32 Piogiessive piotiusion 
of the eyes was associated with puffiness of the lids, pai ticularly the upper 
lids, usually with a laige finger-like fold toward the inner canthus Later, 
edema of the conjunctiva and limitation of movements of the eyes appealed 
About one-half of the patients had vaiymg degiees of choked disk, with 
hemorihages Depending upon the stage of the piocess, there was a piotru- 
sion of mucous membiane fiom beneath the lower lids In more advanced 
stages, corneal ulceiation had begun Vision vaiied, depending on the con- 
dition of the cornea and the stage of involvement of the optic nerve The 
highest degiee of choked disk was four diopteis In one 01 two instances 
altitudinal hemianopsia was piesent Befoie opeiation, exophthalmometer 
readings varied fiom 26 to 34 The lacnmal glands weie fiequently palpable 
Some aching and discomfoit lefened to the oibit was usually present, in- 
creased by efforts to look to the side All of the patients showed some limita- 
tion of movements of the eye muscles, the upwaid movement of the globes 
usually showing the most impairment , in only one instance were the down- 
ward movements moie limited than the upwaid Lateial movements weie 
usually greatly affected, frequently reduced about 50 pei cent, m others, only 
faint lateral movement of the globe was possible Retrobulbar lesistance was 
always greatly increased and leadily appi eciated Intia-oculai tension was 
not altered Fiequently, by laising the lids, the mseitions of the lecti muscles 
could be brought into view In the cases of most maiked profusion, the 
upper lids could be slipped entnely behind the globe 

Immediately following suigical treatment, there is veiy maiked recession 
of the eyes Latei, 111 convalescence, edema of the oibital content appeals, 
causing the eyes again to piotrude to about their ongmal position, and theie 
may be an increase in chemosis 01 piotrusion of the mucosa if this was piesent 
before operation 

The pathologic changes lesponsible for piogiessive exophthalmos of this 
type seem to be constant In all of oui eight patients, the 01 bit was tightly 
packed with the swollen extra-ocular muscles (Fig 1) These varied 111 size, 
being estimated at fiom five to ten times noimal 111 volume, their color and 
size depended upon the stage of the pathologic process, often they were pale 
The degree of fibrosis vaiied consideiably and the texture of the muscles 
vaiied with it In most cases the muscles were large, slightly paler than 
normal, firm, and somewhat rubbeiy On removing small snips foi pathologic 
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examination, the fibiosis may be leadily appi eciated and actual hyaline change 
may be piesent In our own eight patients, various minute pieces of tissue 
were taken from both oibits and from the various muscles, and some 25 frag- 
ments weie examined In addition, microscopic examination was made of 
muscles m 21 patients operated upon by others, and the same pathologic con- 
dition was found In this clinic, Dr Chailes Connor, Professor of Pathology, 
leported as follows “The ocular muscles show vaiymg degrees of degenera- 
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Fig 1 A, B, C, D Photomicrographs showing pathologic changes in the e>e muscles in four of 

our patients 


tion, fibrosis and cellular infiltration The mildest lesion appears to be a 
swelling of muscle fibers followed by loss of striation, namely, the early 
changes associated with so-called Zenker’s degeneration Later, many muscle 
fibers are seen to be frayed out into a fibrillary substance, which takes the stain 
for collagen Theie is at the same time, in many of the sections, definite inter- 
stitial edema In the more pronounced cases, or perhaps those of longer 
standing, there is a proliferation of round cells which appears to be coming 
fiom the intei muscular mesenchyme Some of these cells are lymphocytes 
or immatuie plasma cells but many are very embryonal in chaiacter Small 
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and laige accumulations aie piesent around the blood vessels This cellulai 
leaction appeals to be, in part, a lesponse to necrosis of the muscle What 
appears to be a still later change is the condensation of fibrils into a compara- 
tively dense scai tissue, although in no case can it be said that the condition 
is testing One finds early, intei mediate and late stages m all of the tissue 
In addition to these changes, in some sections the whoils of the arterioles 
aie somewhat thickened and are infiltrated themselves by mononuclear cells 
In places, these cells appear beneath the mtima causing a slight bulging of the 
endothelium ” 

In some of om patients, additional biopsies of muscle weie taken fiom 
othei poitions of the body in older to determine whethei similar alteiations 
had occuired, but such changes were not found It is our feeling, however, 
that they might well be present, paiticulaily in view of such leports as that 
of Dudgeon and Uiquhait ° These writeis leported on lymphonhages m the 
muscles m exophthalmic goiter m nine cases The extrinsic muscles of the 
eye, muscles of the heait, the deltoid, rectus and biceps muscles were exam- 
ined One of the patients suffered from myasthenia giavis m addition to 
exophthalmic goiter The lymphorrhages varied from a few cells to a wide 
tiact of mononucleated cells, extending for a consideiable distance among the 
fibeis and sepaiatmg them In some, both small and large lymphocytes were 
visible Among the lymphocytes w'eie scattered a few' endothelial and plasma 
cells Chronic interstitial myositis, with atiophy of the muscle fibeis of vary- 
ing degrees, w r as a marked featuie In eveiy case, the muscles of the eye 
w'ere moie seveiely affected than the skeletal muscles and the heait muscle 
w'as the least altered The thymus gland w'as laige In three cases it show'ed 
the usual microscopic appearance met with in this gland m the piesence of 
exophthalmic goiter In each case, the thyioid gland w'as characteristic of 
exophthalmic goiter The duiation of symptoms in these cases was several 
yeais These authors commented that then pathologic findings m the muscles 
of patients with myasthenia gravis w'ere exactly smulai to those described 
above and that they had not seen the same alterations in other diseases 

In the light of our experiences, it w'as of paiticular interest to investigate 
the literature for other evidences of myopathies Basedow' noted that in one 
case “because of retrobulbar tension” the lecti muscles compressed the globe 
and caused an indentation betw'een each one With such an expression, it 
seems likely that he may have been dealing with enlarged muscles Numerous 
wi iters have commented upon the finding of myositis and great enlargement 
of the muscles m cases not apparently associated m any way with thyroid 
disease In extreme cases m which enucleation was requited, large muscles 
have been commented upon, as they have been m the course of Kronlem’s 
operation A large number of pathologic lepoits from cases of idiopathic 
exophthalmos have been strikingly similar to those in our cases, although, in 
ours, the association with thyroid disease w'as clear Frequently, following 
an enucleation, the remaining bulk of muscular tissue within the orbit was 
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sufficiently large to preclude the use of an artificial eye, 01 lequued an addi- 
tional operation to 1 educe its volume 

The myopathies found in our patients have othei special intei ests The 
pathologic changes in the eye muscles are identical with those occuinng in 
the eye muscles of patients with myasthenia giavis The 1 elation of this dis- 
ease to distui bailees of the thyioid gland and to changes m the thymus have 
been commented upon by various wi iters, and the finding of identical altera- 
tions in the muscles of our patients may be an additional link in the chain of 
evidence as to the etiology of these conditions None of our patients showed 
recognizable evidence of enlargement of the thymus gland 

Anothei point which impresses one, in the review of the hteiature of thyioid 
disease, is its 1 elation to neivous disorders In the description of nervous 
diseases appearing in the couise of exophthalmic goitei, one notes the pre- 
dominance of affections of the cianial neives conti oiling the eyes and their 
movements Moie lecently ai tides have appeared under the heading of 
exophthalmic ophthalmoplegia, 0 7 a teim applied to a certain group of cases 
m which there has been no demonstiable disorder of the thyioid gland Theie 
can be little doubt but that the neurologist has frequently sought, m the cen- 
tral neivous system, an explanation for various types of palsies of the eye 
when myopathy of some of the ocular muscles was responsible We have 
obseived, and have lecoids of, a large number of patients who had vaiying 
degiees of exophthalmos which either was not progiessive or did not reach 
a stage which threatened life and vision, so that operation was not perfoimed 
In many of these, the evidence seemed to indicate a myopathy rathei than any 
primary neivous disorder Some of these gave no evidence of thyiotoxicosis 

While, in most instances, the intensely piogressive and dangeious prop- 
tosis to which we have applied the teim “malignant” had a cleai association 
with a disordei of the thyioid gland and followed opeiation on this gland, 
one of oui expenences is sufficient to show that this type of exophthalmos 
may appeal undei othei conditions than following such an operation 

Case Report — A D , age 39, referred by Doctor Dowling of Providence, Rhode 
Island, was admitted to the University of California Hospital in June, 1932, with a 
history of diplopia in December, 1930, for which glasses were fitted In March, 193 1 . 
his difficulty had increased In June, 1931, exophthalmos of the left eye was noted A 
malignant tumor of the orbit was suspected and roentgenotherapy administered In 
September, 1931, however, enucleation became necessary, no malignant growth was 
found, and the pathologic report was chronic inflammatory disease Two months later, 
the remaining eye, the right, began to show exophthalmos At this time, evidence of 
thyrotoxicosis appeared The basal metabolic rate was plus 24, and late in the same 
month a th\ roidectomy was performed In January, 1932, the basal metabolic rate was 
plus 6 Nevertheless, the exophthalmos progressed and, by September, 1932, vision was 
blurred and there was swelling of the optic disk to about four diopters, with retinal 
hemorrhages 

Upon admission to our hospital, in September, 1932 (Fig 2A and B), the basal 
metabolic rate was minus 13 There was great retrobulbar resistance In addition to 
the retinal hemorrhages, exudate had appeared The exophthalmometer reading was 31 , 
the usual acuity was 120/200 Movements of the globe were limited and there was 
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contraction of the visual field Upon elevating the lid, the insertions of the muscles were 
visible Operation was performed m October, 1932 There was a reduction of 4 Mm 111 
the exophthalmometer readings while the patient was still in the hospital The hemor- 
rhages and swelling of the disk disappeared rapidly and there was improvement in visual 
acuity Six years later, the patient considered the eye to be completely restored in vision 
and movement, although it is still more prominent than normal (Fig 3) 

Such an experience indicates that progressive exophthalmos may precede 
the development of recognizable thyiotoxicosis as well as appeal subsequent 
to it In this patient theie was a piogressive exophthalmos, lequirmg the 



Tig 4 —Case D P Before operation J-inuarj, 1932 Tig 5 — Case D P September 1933 

Compare with Tigure 4 


enucleation of one eye, pnor to obvious evidences of thyioid disease, m the 
remaining eye there was progression during a stage of great thyroid activity, 
but the progressive exophthalmos continued even after other evidences of thy- 
rotoxicosis disappeared 

Pathologic changes similar to those found 111 progressive exophthalmos 
must not be assumed for the ordinary degrees of actual or apparent exoph- 
thalmos in thyroid disease There have been but few opportunities for exam- 
ination of the muscles under such conditions and no uniformity of opinion 
has been expressed Such examinations of muscles are needed badly, but 
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with the low moitahty following thyi oidectomy, oppoi tumties foi postmortem 
examination have been infrequent 

The opeiation as previously described by us 2 does not present any particular 
technical difficulty and it certainly carries veiy little opeiative hazard In 


A 


B 


c 



Fig 6 A, B, C — Case S W Before opeiation, April, 1932 



Tig 7 — CaseS W Immediatelj follow 
mg operation 


Fig 8 — Case S W Ten da>s Fig 9 — Case S W 
after operation October, 1933 Compare 

with Figure 6 


almost all of our patients, the bilateial procedure was undertaken at one stage 
(Fig 1 2 ), although the wisdom of this is debatable Following operation, 
there is immediate recession of the eye The orbital contents show pulsation 
Shortly theieafter, the oibital contents become edematous and the e)es once 
more protiude Dui mg this period of the convalescence, much caie is re- 
quired The degree of edema vanes greatly The conjunctivae may have 
been edematous and pi oti udmg fiom the lids pnor to opeiation In othei 
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instances, such piotrusion may appear after operation and be veiy slow in 
subsiding Any lack of vigilance during this penod may result in the diying 


yW&L' 


Tig io A, 33 — Case C H Before opeiation, June 1936 
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Fig 11 A, B — Case C H April, 193S Compare with Figure 10 

of the cornea and result m permanent damage Great care is required 
Sciupulous cleanliness, protection of the eyes with a mild boric, ophthalmic 
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ointment, and prevention of the drying of the conjunctivae Following this 
stage, if the decompression has been adequate, the eyes will be found to ha-i e 
receded from i or 2 to 6 Mm , in comparison with the condition before opera- 
tion Pulsation of the globe is not appreciated by the patient and tends to 
deciease and disappear The extent of the decompression is of the utmost 
impoitance, for inadequate decompression is likely only to aggiavate the con- 
dition Roentgenologic studies of the frontal and sphenoid sinuses and then 
relation to the oibital plates and optic foiamma aie always necessaiy The 
distance to which the fiontal sinuses extend into the oibital plate varies 
greatly, and it is most unfoitunate when these sinuses are of unusual size, 
as the area of bony lemoval m the anterior fossa is restricted by this anatomic 



r ' 


Fig 12 — Roentgenogram after operation showing the Fig 14 — Roentgenogram aftei operVnn show 
arrangement of the osteoplastic flaps ing optic foramen unroofed 

condition The same is tiue, to a lessei degree, m regard to the ethmoids 
It is our feeling that, m some of oui operations — particulaily m the one in 
which the result was pool — our decompressions weie inadequate Foi that 
reason, the type of operation has been altered since our pievious publication 
of the surgical technic 2 We now remove not only the aiea of bone over tbe 
loof of the oibit, but cany the removal of bone lateialwaid into ihe tem- 
poral fossa and up close to the oibital 11m, removing that portion of the 
lateial wall down to the antrum (Fig 13) Postenor to this, the lemoval of 
bone is continued back into the middle fossa lemowng the posteroJatei al poi- 
tion of the orbit down to, and about, the oibital fissuie When choked disks 
aie present, the optic foramina are umoofed (Fig 14) This doe'? not en- 
tail particular difficulty, and the area of decompi ession is gieatly enlarged 
Since we have followed this procedure, the immediate recession of the e)es 
has been much gi eater and the postoperative hazaid lessened 

As mentioned m previous articles, various expenmental woikeis have ie~ 

539 



HOWARD C NAFFZIGER 


Annals of Surpcrj 
October 1908 


ported exophthalmos m animals as being pioduced by drugs and other sub- 
stances, particulaily endocrine products Such results need to be scrutinized 
to determine whethei 01 not sympathetic stimulation alone is responsible for 
the exophthalmos in animals In many, at least, that have been studied there 
is a smooth muscle mechanism which, when stimulated through the sympa- 
thetic nervous system, is capable of causing protrusion of the eye In animals, 
then, overactivity of the sympathetic nervous system is always a possibility as 
a cause of exophthalmos, and further studies ai e needed to detei mine whether 
or not other factors are involved In 1909, Karplus and Kreidl 8 showed that, 
in cats, stimulation of the hypothalamus, laterally and slightly posterior to 



the infundibulum, caused dilated pupils, wide lid slits and retraction of the 
nictitating membi ane, pi ovmg a true hypothalamic center for the sympathetics 
A number of workers 9 10 11 12 have indicated that the injection of anterior 
pituitary extract is capable of pioducmg exophthalmos apart from any cause 
acting through the sympathetic nei vous system Particularly significant work 
has been done by Smelzei 13 and Marine and Rosen 10 11 Experimental work 
has been carried on in oui own laboratoiy* with similar results We have 
been able to pioduce pioptosis by the injection of the thyrotropic hormone as 
produced by the Junkmann process F01 this material we are indebted to Dr 
Herbert Evans of the University of California Smelzer recently reported 
that injections of the thyrotropic, anterior pituitary extract produced exoph- 
thalmos in animals from which the thyroid gland and sympathetics had been 

* We are indebted to Squibb Company and to Parke, Davis & Company for our sup- 
plies of anterior pituitarj substance 
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removed He found that the orbital contents became edematous and w eighed 
some 40 per cent more than those of the controls All of the orbital tissues 
seemed to participate in this increase in weight, but the extia-ocular muscles 
m this group weighed some 20 per cent more than those of the controls He 
described the tissues as being mfiltiated with stamable matenal, and found 
the fat to be decreased Many lymphocytes weie piesent and nests of ljm- 
phocytes infiltrated the muscles He lemaiked that the microscopic pictuie 
is indistinguishable fiom that in human beings in whom low basal metabolic 
rates were present He concluded that the sympathetics have no essential 
relationship in this process 

Marine and Rosen reported that male rabbits develop exophthalmos moie 
frequently than females This difference is independent of the thyioid gland, 
and the exophthalmos develops most frequently in rabbits at about the age 
of puberty Gonadectomy greatly 1 educed the incidence of exophthalmos 
even in thyroidectonnzed rabbits These authois agiee that exophthalmos is 
pioduced by the thyiotropic hormone and can be caused eithei by passively 
introducing this hormone, or by aitificially stimulating its pioduction in the 
animal Maintenance of normal thyioid activity by the administration of 
iodine or thyroxin prevents it They 1 ecommended that iodine and desiccated 
thyioid substance be employed as remedies It is then hypothesis that a defi- 
ciency of some hormone, ongmating 111 the suprarenal cortex or gonads, undei- 
lies the pioduction of Giaves’ disease and that the activity of the antenor 
pituitary is mci eased by the stimulation of centeis 111 the midbram 

It is, of couise, cleai from clinical experience alone that marked and pio- 
giessive pioptosis is not of necessity associated with hypeithyroidism, but 
more often with hypothyioidism Sufficient clinical and experimental evi- 
dence has been developed to make cleai a lelationship between these myo- 
pathies and othei endocnnes, and to show that the lelationship of the patho- 
logic process to the thyiotiopic hormone of the anterior pituitaiy is intimate 
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Discussion — Dr Thomas M Joyce (Poitland, Ore) I have had two 
of these patients The first one I saw shortly aftei Doctor Naffziger’s original 
article appealed, the second one some time later I would like to ask Doctor 
Naffziger if he has noticed a pulsation in the eyeballs in his patients, which 
has persisted and has caused considerable inconvenience to the patient For 
some time this patient had difficulty in reading However, he was able to 
cany on his work in a garage The second patient looked very much like the 
photograph that was shown of Doctoi Lahey’s patient My associate, Doctor 
Kistner, and I noted m the roentgenogram of her skull that she had an un- 
usually large frontal sinus We took off the inferior plate of the frontal sinus, 
opened the ethmoid labyrinth and removed the lamina papyracea The edema 
disappeaied and the patient was absolutely relieved of hei tiouble 

Note Since returning home I find that Doctor Kistner has operated upon 
a second patient which was almost an exact duplicate of this previous case, 
performing the same opeiation, namely, removing the floor of the frontal 
sinus, opening the ethmoid labyi inth and removing the lamina papyracea, with 
absolute lelief 

Dr Martin B Tinker (Ithaca, N Y ) This condition is distressing 
because of severe pain to the patient and, as Doctoi Naffziger has stated, many 
of them go on to commit suicide 01 to death fiom natural causes Doctor 
Naffziger’s opeiation is surely the one indicated in bilateial, severe exoph- 
thalmos 

Many years ago, a patient upon whom I had operated for exophthalmic 
goiter returned with a unilateial exophthalmos Exophthalmos had not dis- 
appeared after thyroidectomy, and the pam had become very distressing 
Thinking that there might be intra-orbital piessure, I performed the Kionlein 
opeiation, dividing the external angular piocesses above and below, and the 
midzygoma, reflecting the wall of the orbit forward to expose the orbital space 
A tumor the size of the end of the finger was found pressing upon the optic 
nerve and the eyeball It was lemoved and the result was entirely satisfac- 
tory The exophthalmos disappeared, the pam was leheved and the woman 
has 1 emained well for many years 

This case was reported at the Section of Exophthalmogy of the American 
Medical Association A modified incision was described which was less 
mutilating than the incision originally proposed by Kionlein The tumor was 
examined by Doctor Veihoff, pathologist at the Charitable Eye and Ear m 
Boston, and was diagnosed as a hemangioma 

It would seem to me that there are perhaps a limited number of cases of 
unilateral exophthalmos giving very distressing symptoms, in which this opera- 
tion might be indicated The bilateral opeiation, which Doctor Naffziger has 
described, seems an extiemely valuable proceduie, and likely to be needed 
m many cases 
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Dr Harry B Zimmerman (St Louis, Minn ) Doctor Naffzigei has 
associated my name with a paper lefemng to this piocedme that was pub- 
lished by Di Frank Buch oi St Paul, about the tune that this condition fust 
was demonstiated by Doctoi Naffzigei, probably a little bit befoie 

The patient, a male, had had a thyioidectomy peifoimed, and shoitly after- 
waid developed a umlateial exophthalmos of the right side When he came 
undei Doctoi Bnch’s obseivation, the left eye had begun to piotiude veiy 
slightly He had a measuiable exophthalmos on the left side, but that Mas not 
appaient except b)^ actual measurement 

A diagnosis was made of a malignant bulbai tumoi, and Doctoi Buch 
and I perfoimed the Kionlem pioceduie of opening the external plate of the 
01 bit The tumoi immediately piesented itself It was a weird looking tumoi, 
lathei diffuse, and consisted of the extia-ocular muscles bulging out into this 
defect m the external wall of the oibit, a soit of wateiy, edematous looking 
muscle The muscles weie incised, and it seemed an intei minable piocedure 
to get thiough the gieatly thickened tissue, which was at least almost half an 
inch thick That appaiently fonned the entne tumor, and consisted solely of 
the enoimously thickened, edematous extia-ocular muscles 

The 01 bit was decompiessed by this procedure The histologic section of 
the hyperplastic muscles was a good deal as Doctoi Naffziger has described 
The pioceduie was stopped We had some slight legiession because of the 
decompiession of the external wall of the orbit, but nothing such as would 
have been accomplished had the decompiession been made as Doctor Naffzigei 
desci ibed 

The condition piogiessed to destruction of that eye, which was eventually 
lemoved, by which time he had a loss of the othei eye by a similar process 
That was the hist time it came to my mind that these exophthalmoses weie 
due to this pecuhai thickening and hyperplasia of the extia-oculai muscle 

Dr Frank H Lahey (Boston, Mass ) I think it is impoitant to bung 
out a fact which has not been entirely accepted, and that is that resections of 
the superioi ceivical sympathetic ganglia do not pioduce exophthalmos Such 
resection does pioduce dioop of the lid and we have lepeatedly utilized it to 
impiove the appeal ance of some of these patients who have unde palpable 
fissuies It is, I think, from that point of view, a valuable pioceduie 

We have had, howevei, one complaint m connection with that opeiation 
and that is that many of these patients who have had resections of their 
supenoi ceivical ganglia complain of a disagieeable dryness m their nose 
I would like to ask Doctor Naffzigei if he has had to utilize suture of the 
lids, because some of these pioblems in our hands are pretty acute 

These patients who come m with edema of the conjunctiva are candidates, 
as you know, foi slough When you realize that the conjunctiva is nounshed 
by osmosis and not by vasculanzation, it needs only a little mciease in lid 
piessuie to pioduce a slough of the eye covenng 

I think, theiefoie, it is extremely impoitant that you are dealing with in- 
ti actable exophthalmos to be awaie of this danger when you see a wi inkling 
of the conjunctiva It has been oui expenence, and it has been Doctor Hoi- 
iax f expenence as it has been Doctoi Naffzigei ’s, that better lesults have been 
obtained when moie of the bony orbit is umoofed and when the excision is 
earned down ovei the outei angles 

Dr Howard C Nahziger (closing) With iefeience to pulsation of the 
globes immediately after opeiation, this is piesent at once, but gradual!} 
lessens and ultimate!} chsapjieais The patients are not conscious of it We 
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have assumed that a new fibious coveiing replaces the peri-orbita and pie- 
vents the transmission of duial pulsation 

Diplopia may occui aftei operation because of the herniation of muscles 
through the decompression, which temporarily hampers and restricts their 
movement 

Appaient unilateral exophthalmos associated with thyroid disease is not 
uncommon Careful observations have indicated, however, that there is usu- 
ally some slight degree of exophthalmos m the less prominent eye In other 
woids, the exophthalmos of thyroid disease is usually bilateral, though there 
may be marked asymmetiy m the degree of protrusion of the two eyes A 
purely umlateial exophthalmos is more charactei istic of orbital tumor 

The Kionlein operation has been pei formed foi malignant exophthalmos 
but is inadequate for these severe cases 

Many patients have an unsightly but not dangerously progressive ex- 
ophthalmos In these, the widened lid slits need correction more than the 
proptosis does This is readily observed by pinching the lids together at the 
outer canthus, so as to narrow the palpebral fissure , the appearance is greatly 
improved Advancing the external canthus by suture is easily performed 
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An injury to one recurient laiyngeal nerve during the couise of a thy- 
roid operation is an unfortunate incident and an injury to both recurrent 
nerves is a really serious surgical calamity Because of the fact that injury 
to both neives does not as a rule pioduce any immediate emeigency even 
though the ultimate results occasion real and crippling disability, also because 
of the fact that injury to one recurrent neive causes only temporal y loss of 
voice and usually no limitation in breathing, there has not been as active an 
interest in the methods for lessening the numbei of injuries to these neives as 
seems desirable 

Thyroid surgery is now so well established upon such a sound basis and 
with such a low mortality that the operation is being moie often accepted by 
patients and more frequently pei formed by an increasing number of sur- 
geons That theie is a real need for all of us to interest ourselves in 
diminishing this incidence of mjuiy to recurient nerves is established by the 
fact that even though oui percentage (i )4 per cent) of nerve injuries is but 
one-half of that repoited by several other writers (3 pei cent), it represents 
a largely avoidable catastrophe m a gieat numbei of patients 

The prevailing attitude of surgeons toward the lecuirent laryngeal nerves 
has been one that has been handed down, unchanged, from the beginning of 
our experience with thyroid surgery Kocher, the father of thyroid surgery, 
advocated partial thyroidectomy undei local anesthesia because he could ask the 
patient to speak and thus know that the recurrent nerves were not injured 
This as we now know was not a sound position since 111 some patients in 
whom the recunent nerve has been injured theie is not an immediate and 
sti iking change in voice In many patients, immediately after and probably 
during thyroid operations, theie are temporary voice changes without injury 
to the recurient nerves If there is a voice change demonstrating an injury 
to the nerve, the damage has been done It is much better to dissect and 
visualize the neive and thus avoid its injury We have all for many years 
unquestionably accepted what amounts to unsubstantiated impressions about 
the recurrent nerves, some of which aie here recoided That the recurrent 
neives are too small to dissect and demolish ate, that dissection and mampula- 
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tion, if accomplished, would result in a high peicentage of lecuirent nerve 
paialyses , that dnect sutuie of cut recuirent nerves was not woith undei taking 
because it was thought impossible to find the injured neives in the scar tissue 
which foims following subtotal thyi oidectomy It has also been assumed that 
if the neives weie found, they were too small to be successfully sutured 
Because of the above facts it has been consideied desirable in thyroid opera- 
tions not to see 1 ecui 1 ent nei ves and to avoid seeing them by leaving sufficient 
stnps of thyroid tissue over the nerves so that they would not be visualized 
Some thiee years ago, one ofus(F H L) undertook to demonstiate the 
lecuirent laryngeal nerve m practically all* thyroid operations This policy 
has been accepted by all the surgeons in the clinic operating upon patients 
with thyroid disorders As a result of this experience, now amounting to well 
over 3,000 dissections of the neive at this time, all of the above impressions 
have been pi oven to be mcoriect The neive is of sufficient size so that not 
only can it easily be dissected but it has sufficient body so that it can be 
readily palpated as it is pushed laterally against the ligid tiacheal wall It 
has been demonstrated that loutine dissection and demonstration of the nerves 
and even palpation while on a model ate stretch cause no immediate or late 
interference with their function Thiee neives pieviously cut before the 
patients came to the clinic have been found and accuiately and easily sutuied 
What the eventual outcome will be in these cases done six months and three 
months ago cannot now be stated It has been definitely proven, however, that 
cut neives can be found and can be sutured without great technical difficul- 
ties As the result of exposing at least 3,000 recurrent laryngeal nerves in a 
period sufficiently long (three years) to permit late complications to occui if 
they weie to occur, it may be said that the routine exposure of recurrent laryn- 
geal neives in thyroid suigery is a safe and justifiable pioceduie and will 
diminish, if not largely eliminate, injuries to that neive f 

There have been so few writings and discussions concerning recurrent 
laiyngeal neive paralyses and the clinical featuies evidencing this state, that 
there tends to be considerable confusion about it One is that if both recur- 
lent laryngeal nerves aie injured, theie will be immediate difficulty with 
breathing while the patient is still upon the operating table Under certain 
circumstances, latei discussed, we believe it is possible foi such a respiratory 
emergency to arise but it is by no means the usual course of events The 
clinical history of a patient whose recurrent laryngeal neives have been inter- 
lupted is as follows Dunng the operation itself, theie is usually very little 
difficulty with the patient’s breathing but immediately following operation 
the patient finds himself unable to talk, due, of course, to the cadaveric posi- 
tion of both cords and the patient’s inability to tense them, caused by their 

* There will be occasional very ill patients with hyperthyroidism in whom it maj 
prove difficult to find the nerve and in whom the saving of time will be of greater 
importance than the demonstration of the nerve 

fUp to three years ago the incidence of recurrent laryngeal paral>sis was 16 per 
cent During the last three jears, under the above plan, this has dropped to 03 per cent 

546 



Volume 108 
Is umber 4 


RECURRENT LARYNGEAL NERVE INJURIES 


loss of eneivation Within six months’ time, this patient fiequently leports 
to the suigeon quite elated with the fact that hei voice is letuimng and unless 
the suigeon is fanuhai with the usual couise of events, he too may be elated 
In a few months moi e, howevei , the patient 1 etui ns still able to talk but com- 
plaining that she is less and less able to bieathe satisfactory, particularly 
aftei any unusual activity This state of affans progi esses still fuither until, 
due to the insufficient air-way m the peimanently nail owed glottic space, 



Fig i — Variations in the relationship between the recurient larjngeal 
nerve and the inferior thjroid arterv encountered in operations on the 
thj roid 

(a) An uncommon relationship the nerve passing over one branch of 
the inferior thjroid and under the other 

(b) Not the rule, but a not uncommon relationship the nerve passing 
entirelj anterior to the arterj 

(c) By far the most common relationship the nerve passing entirely 
posterior to the arterj 

(d) A not uncommon division of the nerve before entering the larjnx 


theie is difficult}' with breathing on any exertion, even slightly beyond the 
most moderate 

An additional sign at this time evidences itself also, that is, inspiratory 
ci owing An excellent way to demonstiate the effect upon bieathmg of the 
fixed coids and nail owed glottic space is to ask a patient with bilateial ab- 
ductor paralysis to count to the highest possible numbei without taking a 
bieath It will be found that when the patient has counted from between 
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15 to 2 5 > a long inspiration will be necessary which, because of the attempt 
to take in a considerable amount of air, will cause the typical inspiratory crow 
so characteristic of bilateral abductor paialysis There is also a characteristic 
“roaring” during sleep 

A condition under which intei ference with bieathmg may conceivably take 
place during operation would be in a patient most of whose recurrent laryn- 
geal nerves divide extralaiyngeally into the abductor and adductor fibers, as 
shown m Figuie I d, and in whom only the abductor fibers of the nerve were 

injured at the upper pole 
Should this unusual ana- 
tomic condition be com- 
bined with an unusual bi- 
lateral surgical accident m 
which the injury occurred 
selectively only in the ab- 
ductor portion of the bifid 
nerves, immediate narrow- 
ing of the glottic space 
with difficulty in breathing 
could then take place 

As the result of an 
extensive experience with 
lecurrent laryngeal nerves 
and also based upon the ex- 
perience which we have 
had in demonstrating inju- 
ries to recurrent laryngeal 
nerves, we believe that the 
point at which most recur- 
rent laryngeal nerves are 
injured is just below that point where the nerve passes under the lower fibers 
of the inferior constnctor muscle to become intralaryngeal (Fig 2) 

We have rarely seen injuries to the recurrent laryngeal nerve at the level 
of the inferior thyroid artery Anatomically at this level the nerve (Fig 1), 
which passes obliquely inward toward the trachea, is usually at some distance 
from the gland, while at the uppei level the nerve is either in contact with 
that portion of the thyroid gland which rests against the cricothyroid junction 
or even runs through the thyroid substance at this level (Fig 2) 

We feel very sure that one of the frequent causes of injury to the recur- 
rent laryngeal nerve is the fact that the upper branch of the inferior thyroid 
artery at this point, as shown in Figure 2, is located between the thyroid gland 
and either the upper part of the trachea 01 the cricoid This vessel is fre- 
quently torn off at this point in subtotal thyi oidectomies and retracts beside 
the trachea below the level of the stump of thyroid tissue left behind as the 
thyroid remnant One will observe m illustration that if attempts were to be 

548 



Oranch of 
Inf. Thy A 


Remnant of 
Thyroid Gland 

Rec Laryngeal A/ 

Inf Thyroid A 

Tic 2 — Showing the relationship of the recurrent larjngeal 
nerve, before it enters the larynx, to the upper branch of the 
inferior thyroid arterj This is depicted diagrmimatically as 
seen from above as it is in a subtotal thyroidectomj Attempts 
to snap this bleeding branch in its position between the thyroid 
and the trachea can result in injury to the lecurrent nerve 

The arrow points to the trunk of the inferioi thyroid artery, 
at which point it should be ligated for bleeding of the upper 
branch of the inferior thyroid artery, rather than attempting liga 
ture of the bleeding vessel itself 
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made to catch the bleeding end of this vessel, as it retiacts between the stump 
of thyroid tissue and the trachea, the hemostat would fiequently be earned 
well down beside the trachea so that when it catches the bleeding vessel, it 
may also catch the tiunk of the lecurient laryngeal nerve just before it pene- 
tiates the constrictoi fibers to become mtralaryngeal 

We have frequently demonstiated the point of bleeding from this vessel 
branch by putting a closed hemostat down between the trachea and the remnant 
of thyroid tissue and then turning the lemnant of thyroid tissue mwaid 



Fig 3 — This and Figure 4 were drawn at the operating table to 
demonstrate the location and suture of the recurrent laryngeal nerves m two 
cases The neive had been severed just below the point where it entered the 
larynx Note the black silk ties found on each end of the severed nerve 

The insert illustrates the fine black silk vessel sutures inserted on 
either side of the approximated nerve to oppose fibers convejing similar 
impulses 

With the recurrent nerve visualized, the close pioxinnty of the neive to 
this bleeding point, and the danger of injury to the nerve at this level, become 
clearly apparent We feel very suie that technical difficulties with bleeding 
at this level, which are by no means uncommon, are the cause of many in- 
juries to recurrent laiyngeal nerves Should bleeding occur from the upper 
branch of the inferior thyroid where it is located close to the trachea at this 
level, as shown m Figure 2, it is best controlled not by attempting to find the 
bleeding point but by ligating the trunk of the inferior thyroid artery as it 
comes up from behind the common carotid at some distance from the nerve, 
thus protecting the nerve from the danger of injury (Fig 2) This, we feel 
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ceitam, is a valuable and piactical point in piotecting lecuiient laryngeal 
neives against possible mjuiy 

Our attitude, and the attitude of surgeons in genet al, toward injuries to 
the lecuiient laryngeal neive has, we believe, up to tbe present been quite 
wiong We, as has eveiyone else, have assumed that if one 01 both lecurrent 
laiyngeal neives have been injuied or cut, nothing can be done about it Much 
of this attitude we believe is a traditional one based upon the assumption that 
seveiecl 01 mjuied lecuiient laiyngeal nerves could not be found and could 
not be successfully sutuied This we have pi oven to be eironeous In an 
instance (Figs 3 and 4) m which both recun ent laryngeal nerves had been 
seveied elsewheie ten months pieviously, the proximal stump on one side 
having retracted mtialaiyngeally, both neives were successfully found and 



Fig 4 — (a) The upper end ot the severed recurrent nerve had retracted beneath the fibers of the 
inferior constrictor muscle Note the black silk tie found on the lower end of the severed nerve The 
retracted upper end of the severed nerve was demonstrated by incising the lowest fibers of the inferior 
constrictor muscle 

(b) Suture of the nerve by two fine silk sutures, attempting to keep abductor and adductor fibers 
together 

anastomosed without difficulty and without tension with No 16 China silk on 
blood vessel needles In addition to this, m a recent case m which the nerve 
had also been seveied elsewheie, some years previously, m which reoperation 
in our clinic became necessaiy because of a recunent hyperthyroidism, after 
the lemoval of the lemnant of thyioid, the severed nerve was sought for, 
both ends weie easily found and reunited, merely for the puipose of estab- 
lishing the technic but with, of couise, no prospect of a leturn of function 
because of the lateness of the anastomosis 

If we are to successfully reunite severed recurrent laiyngeal nerves so 
that theie is a possibility of restoring function to the vocal cords, the opeiation 
must be pei formed, we believe, within thiee months of the time of injury It 
must be appi eciated that m late operations, undei taken to lesuture injuied 
lecuiient laryngeal neives, not only is there the diminished likelihood of neive 
regeneration but also fixation of the aiytenoids may well occur Also, atrophy 
and fibrosis of the laryngeal muscles may take place, so that even though 
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impulses pass successfully along the recuirent nerve to the arytenoidius 
lateralis and the aiytenoidius posticus muscles, the fibiotic shortening of the 
mteraiytenoid may well pi event the coids from being separated 

As the lesult of ora experience m demonstrating nerves and also because 
of the ease with which they can be found and approximated, paiticulaily when 
one makes use of the Beiens’ binocular loupe, which magnifies the field of 
vision and the size of the nerve two and one-half tunes, we believe that m all 
patients with an injury to a lecunent laiyngeal nerve which does not disappeai 
in three months, the nerve should be exploied and if mjuied, the injured 
section removed, and if severed, the ends refieshed and anastomosed De- 
lays beyond this time quite definitely jeopardize the probability of a success 
Should no injury be demonsti ated, exploration will have done no haim, and 
the patient will have been given the oppoitunity to recover cord function 
which might othei wise be completely lost 

When searching for the ends of recuirent laiyngeal nerves which have 
been previously cut, all vascular and scar tissue attachments of the stump of 
remaining thyioid lemnants should first be completely severed hom then 
connection with the internal jugulai vein and common caiotid aiteiy The 
stump of thyroid tissue is then grasped with double hooks, lotated mwaid 
and the mfenoi thyioid arteiy identified This is the landmaik by which 
the lowei section of the seveied nerve may be found as it passes either undei 
or ovei this vessel as shown in Figure I a, b and c With the aid of the 
Kerens’ magnifying loupe, and with a good light brightly illuminating the 
field, and with care and patience, the stump of the nerve can be found without 
great difficulty Since most of the mjunes to lecuirent neives, which we have 
seen, have been close to the point wheie the neive enteis the laiynx, the nerve 
will usually be found intact at the point where it is m relation to the inferior 
thyroid artery The Berens’ magnifying lenses, which have a sufficient focal 
range so that stiuctuies can be visualized without danger of the lenses con- 
taminating the field, have foi many yeais proven veiy useful to us m finding 
parathyioid bodies, and are especially useful in demonsti atmg the longitudinal 
striations of the nerve, thus diffeientiatmg it from small veins which can 
easily be mistaken for it 

The landmaik by which the upper section of the seveied neive is found 
is the hoin of the thyroid caitilage It is just postenoi to the point where 
that structure (thyroid horns) is m contact with the cricoid where the nerve 
passes beneath the lowest fibers of the inferior constrictors to become mtia- 
laryngeal Unless the nerve has been severed, as happened in one of our 
cases (Fig 4), so close to the point where it enteied the larynx that it retracts 
beneath the mfeiior constrictor, it can usually be demonstrated by finding 
its point of entrance into the larynx When the neive has so retracted, as il- 
lustrated in Figure 4, the plan of cutting some of the lowest fibers of the 
inferior constrictor as suggested by Di Charles Fiazier, and indicated m 
Figure 4, will make it possible to find the retracted upper end of the nerve 
intact beneath the muscle fillers When found at this point the upper end 111 
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our case possessed enough slack so that it could be pulled down for at least 
a half inch and was uninvolved in scar tissue 

One of the difficulties of suture of recurrent laryngeal nerves is that of 
approximating abductor fibers with abductor fibers and adductor fibers with 
adductor fibers, as it is a nerve carrying impulses to opposing muscles Since 
we are as yet able to present only cases in which recurrent nerves have been 
found and satisfactorily sutured and cannot as yet present proven return of 
function, we are unable to say whether 01 not successful restoration of double 
impulse nerve conduction in a single trunk can ever be successfully accom- 
plished It may be possible that it will never be effected in humans One 
should, however, in anastomosing recurrent neives, make every effort to 
unite the nerves so that there is at least a leasonable chance of fibers convey- 
ing similar impulses being opposed to each other When the neive is visu- 
alized through the magnifying lenses it can be seen that it is somewhat flat- 
tened, and in uniting it, one should be careful to place the fine silk vessel 
sutures along the outer and inner margins of the nerve (Fig 3), one on either 
side, so that the two ends of the nerve are united in the same flat plane and 
with no twist in them 

Theie has been so little experience reported of the suigical approach to 
this nerve that we can draw only upon our own in discussing what gieat 
defects may exist as the result of scarring or excision that require lemoval 
of segments of the nerve and still enable one to approximate the cut ends 
without undue tension upon the nerve and the delicate sutures which unite 
its severed ends In the last case in which direct anastomosis was perfoimed, 
at least a half inch of the neive was involved in scar tissue and had to be 
sacrificed In spite of this loss, the ends could be easily approximated and 
sutured The couise of the lecurient nerve is obliquely inward toward the 
trachea When the nerve passes in front (unusual) of the inferior thyroid 
artery, there is considerable slack 111 it When it passes behind the mferioi 
thyroid aitery (its common position), its inward oblique course is somewhat 
angulated Severing the inferior thyroid aitery between ligatures permits 
liberation of the nerve from this angulation and piovides considerably more 
length of nerve with which to bridge the defect 

We have, so many times, palpated the nerve, however, when the lobe of 
the thyroid has been inverted and found it under slight tension, that we doubt 
very much if it will be possible to make the ends come together when more 
than one-half to one inch is lost 

If a sufficient section of the nerve has been destroyed so that the procedure 
physiologically most likely to be successful (direct end-to-end anastomosis) 
cannot be employed, then, based upon surgical experiences with other nerves, 
one of two procedures must be resorted to — either the insertion of a nerve 
graft after the plan proposed by Duell and Ballance in which a section of 
the distal portion of a nerve which has designedly been cut and permitted to 
degenerate is inseited, thus serving as a tube along which nerve fibers mav 
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giow, 01 the attachment of the end of a foieign neive to the lefieshed pioxi- 
mal end of the recunent neive 

This lattei pioceduie was pioposed and practiced by Di Charles Frazier, 
who employed the anastomosis of the descending bianch of the hypoglossal 
to the cut recuirent laiyngeal nerve, but offeis, we believe, little chance of 
success since the impulses habitually passing down the descending hypoglossal 
aie m no way cooidinated with the impulses of respiration A better chance 



Tig 5 — Nondescent of the inferior larjngeal nerie Note how easily such an unde 
scended nerve could be injured if its course were not demonstrated surgical!} 


foi success exists m cai lying out the suggestion, made by Mr Lionel Col- 
ledge and Sir Chailes Ballance, that a section of the phiemc neive be anas- 
tomosed to the pioximal end of the severed lecurrent laryngeal neive, since 
the respuatoiy impulses passing down this neive are coordinated with the 
impulses constantly passing down the fibers of the recunent laryngeal nerve 
These two investigators, several yeais ago, perfoimed interesting experiments 
upon animals relative to the suture of foreign neives into the cut end of the 
lecurrent laryngeal nerve, and obtained moie evidence of a return of func- 
tion when the phrenic nerve was employed than with the use of any othei 
nei ve 

A condition by no means common, but occasionally occunmg, is the non- 
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descent of the recun ent laiyngeal neive Figure 5 illustiates an instance of 
such a nondescended mfeiioi laryngeal neive, which occuired m our own 
experience Many anatomists have written on the subject of the nondescent 
of the mfenoi laiyngeal nerve and a few suigeons, including Dr John dej 
Pemberton, have descnbed the occuirence of such an abnormality in the 
lecunent laiyngeal neive 

In the case illustrated by Figuie 5, it will be seen that the nerve passes 

stiaight acioss fiom the vagus to entei directly under the lowest fibeis of 

the mfenoi constnctor It will be obvious, in this 

1 \ situation, that if the lecunent laryngeal nerve is not 

dissected this abnormally located nerve will fre- 
quently be caught in hgatuies of the upper pole, if, 
on the othei hand, the neive is sought for as we 

have advised and is not found, the vagus will be in- 

vestigated, and this abnoimahty demonstrated and 
the neive thus protected from injury 

In our eaily experiences v itli large and deep 
mtrathoracic goiteis, we weie quite apprehensive 
that their removal would 1 esult m a high percentage 
of lecurrent laryngeal neive mjuiies, on the as- 
sumption that there was such an anatomic distor- 
tion of the couise of the neive by the large mtra- 
thoiacic extensions that they would be frequently 
injured when these deep goiters were roughly extn- 
Tig 6 —The npe of dis cated f i om the mediastinum This has not been the 

placement of the recurrent nerve £ 

toward the trachea winch takes case and repeated dissection and demonstration of 

place in deep mtrathoracic 

goiters This is the tjpe of dis the recui rent nerve, after removal of deep mtra- 

placement of the nerae cotnmonb , r 

found m mtrathoracic goiters, thoracic goiteis, have shown that such distortion 01 

and was found to be intact after ° ' - 

remo\ai of the mtrathoracic the com se of the nerve as does occur, is in a sate 

goiter shown in Tigure 7 . 

direction, displacing the nerve inward against the 
tiachea (Fig 6), where it is quite safe from mjuiy duiing the removal of an 
mtrathoiacic goitei even of one of such size as is shown in Figuie 7 

Thyioid opeiations have been responsible foi 35 instances, 01 90 per cent, 
of bilateial abductoi paialysis v Inch have been studied 111 the Lahey Clinic 
In 15 patients, paialysis was tempoiary and function of one or both vocal 
cords was lecoveied In 20 cases, paialysis was permanent, and of these 
only one occurred following opeiation 111 this clinic The lemamdei had been 
pioduced elsewhere 

Permanent bilateral abductoi paialysis is a real calamity to the individual, 
because of the marked obstiuction of the laiynx by the mesial position of 
the vocal coids, especially on mspuation We advocate in this condition 
the employment of a tiacheotomy cannula when a patient’s activity is limited 
by want of an A tracheotomy tube, fitted with a Tucker valve, j^ermits these 
patients to retain an excellent voice without the inconvenience of having to 
place the finger orer the tracheotomy opening while speaking This is a 
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I'ig 7 — Anteroposterior ind literal rocingenogi am showing an intrathoracic goiter so deep and 
so large that its removal could he successful accomplished only after removal of the inner half of 
the clavicle and the nnnuhrial portion of the sternum Dissection of the recurrent laryngeal nerve 
in this case, as in manj other cases of intrathoracic goiter shows the onlj distortion of the course 
of the nerie to he in an inward direction against the trachea (Fig 6) where it is less likely to he 
m j tiled bj the removal of the intrathoracic extension than when in its normal position 
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Fig 8 — Submucous Resection of a Vocal Coid for Bilateral Abductor Paralysis (Hoover) 

(a) A diagrammatic cross section of the larjnx in a patient with bilateral abductor paraljsis with 
the median laryngofissure not yet made Note the area of vocal cord to he resected subnuicouslj, 
demonstrated by the dotted line 

(b) The median larj ngofissure made The mucous membrane m the tip of the hcmostat lifted 
from the cord and muscle 

(c) A front view through the larj ngofissure of the dissection of the mucous membrane from 
over that portion of the cord and muscle to be removed 

(d) A diagrammatic cross section of the larjnx with the larjngofissure closed, showing the cord 
and muscle removed submucously, the lax mucous membrane pushed back against the larjngeal wall 
where it is held with gauze packing until it has adhered to the wall and serves as a mucous membrane 
lining for the enlarged glottic space indicated as breathing space and shown m black 
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valuable asset to teacheis and saleswomen who depend upon their voice foi 
a living 

A few patients, however, do not become adjusted to the peimanent use 
of a tracheotomy tube and desne to sacrifice then excellent voice foi a hoaise 
voice or whisper if they can but breathe without a tube In such individuals 
the submucous resection of a vocal cord is recommended Eight of the 20 
patients with permanent paralysis have been operated upon by this method 
The technic of the operation has been previously descnbed by one of us 1 
(W B H ) A piehminaiy tracheotomy is performed and followed in five 
days to one week by median laryngofissui e, which gives good exposure of 
the vocal cords The mucous membrane is then elevated with a sharp knife 
over one true vocal coid and above and below the cord as well The muscle 
is sepaiated fiom the cartilage laterally The muscle is then cut off poste- 
rioily, also the vocal process of the arytenoid is lemoved Bleeding is con- 
trolled The mucous membrane is now placed against the lateral wall of the 
laiynx and held 111 place by an iodoform gauze pack (Fig 8) The larynx 
is closed and the pack lemoved from five days to a week later 

Healing is rapid because theie are no law surfaces to granulate and 
cicatrize, and the operation leaves an open glottis and an ample air-way The 
voice is impaired and is hoarse, comparable to the voice resulting from re- 
moval of a vocal cord in cases of carcinoma of the larynx 

In six of the eight cases the results have been quite successful One pa- 
tient was infected at the time of opeiation by vomiting and was not improved 
The first patient operated upon was markedly benefited 

As the lesult of the expenence which we have now had with this method 
of relieving laryngeal obstruction due to bilateial nerve injuries, we feel that 
the 75 pei cent excellent lesults, obtained up to now, can be still further 
improved 


CONCLUSIONS 

Routine dissection and demonstration of the lecurrent laryngeal nerves 
m thyroid surgery have proven a safe and valuable method of protecting 
that structure from opeiative injury, lowenng the incidence of nerve injury 
111 three years from i 6 to o 3 pei cent 

The nerve is of sufficient size to be palpable 111 many cases 
Dissection and demonstration of the cut ends of accidentally injured 01 
severed recui rent laryngeal nerves, together with accurate suture, is a relatively 
simple and a vei y feasible surgical procedure 

Exploration of the recurrent nerves, where injury to these structures has 
occurred, should be undertaken within three months of the injury if one is to 
hope for possible restoration of function 

Nondescent of the inferior laryngeal nerve is reported, and such a case 
illustrated Other anatomic variations are illustrated 

The advantages of the employment of the phrenic nerve, when foreign 
nerve anastomoses are considered, are suggested 
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A plastic opeiation on the laiynx is described and lllustiated which, m six 
out of the eight cases m which it has been employed, has been successful, by 
permitting closuie of the permanent tracheotomy opening and by providing 
a natural an -way thiough the larynx adequate m caliber for any degree of 
exei tion 
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Discussion — Dr Walter B Hoover (Boston, Mass) Doctoi Lahey 
has said veiy little about the result of cutting one recurrent laryngeal nerve, 
and I would like to explain what happens when one tecurrent laryngeal nerve 
is cut, or mjuied Usually, there is hoaiseness or loss of voice immediately 
following the section of one recurrent laryngeal neive, with the loss of func- 
tion of this one coid Occasionally, howevei, the injured cord will he m the 
midline of the larynx and there will be no loss of voice, even though one coid 
is paralyzed Oidinarily, howevei, the loss of the function of one cord 
results in a tempoiary loss of voice, which lasts fiom a few days to several 
months, but one can say almost certainly, that the loss of one recurient nerve 
will not result m any discomfort to the patient as far as respiration is con- 
cerned, and we can assuie the patient that the voice will return, because the 
cord will eventually come to the midline and will get a very good tension m it 
with a resulting good voice This happens no matter what treatment is, or is 
not, used 

Therefore, we can say that the treatment of the section of one lecurrent 
laryngeal nerve or the loss of function of one cord is that of reassuring or 
comforting the patient, rather than any other treatment 

Permanent bilateral abductor paralysis is a major catastrophe, because the 
patient cannot sleep at night, or if he does sleep, is annoying to anyone nearby 
The patient is short of breath and cannot exercise, and is truly an invalid, 
often depressed and despondent Anyone who has had his activities limited 
because of bilateral abductor paralysis should have a tiacheotomy tube placed 
A tracheotomy tube is a safe and certain method of establishing an airway, 
and every patient, whose respirations are limited or whose activities are 
limited for want of air must have this done 

The tracheotomy tube should be placed at least as low as the second ring 
of the trachea so that perichondutis and cicatricial stenosis will not further 
complicate the picture A few people are very despondent over the use of a 
tracheotomy tube, and I know of one instance, in a case where a patient 
had bilateral abductor paialysis, who lefused a tracheotomy tube and died of 
suffocation For those patients who are not willing to wear tubes, the opera- 
tion of submucous resection is reseived It has been used in only eight cases 
111 our Clinic, six of which have gotten excellent results 

If the patient is a teacher or a saleslady, that is, if she depends on her 
voice for her living, then the wearing of a tube that has a valve in it, such as 
devised by Tucker (and there are other tubes on the market), permits them 
to talk very well, they can breathe well, and their only discomfort is the 
presence of a tube Many people aie happy with such a tube, but when a 
person would rathei die than wear one, it is justifiable to perform this opera- 
tion, which does sacrifice the voice in large measure, but not entirely They 
at least have a hoarse whisper, veiy comparable to that of a peison who has 
lost a vocal cord by its lemoval m carcinoma of the laiynx 
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Dr Frederick A Coller (Ann Arbor, Mich ) Injuiy to the recurrent 
laiyngeal nerve has always been one of the feared complications of operations 
on the thyroid and yet it continues to he a very common occunence — how 
common one never knows unless theie is a routine examination of the larynx 
hefoie and aftei the opeiation 

I have been gieatly intei ested and mstiucted by Doctoi Lahey’s discussion 
of this subject both today and at other times For years I, too, held to the 
doctrine I had been taught that elevation 01 dislocation of the lobes caused 
damage to the lecunent neive, and every effoit was made to avoid lifting the 
lobe until it was freed fiom the capsule and the thyroid tissue left behind 
Aftei an unfoitunate expenence while peifoiming a total thyroidectomy, I 
adopted the method I saw piacticed by Cutler, of exposing the nerves prior 
to removing the thyroid This piactice has gradually been extended until we 
use it frequently but not loutmely in subtotal opeiations 

The lecuirent laiyngeal nerve, unlike the vagus fiom which it arises, is 
a relatively compact nerve with a thin epineuial sheath containing little fat 
It is in contact with many unyielding structures and tolerates moderate trauma 
well It is impoitant to point out the mailced diffeiences in the courses of the 
light and left lecunent laiyngeal neives, as this has a real interest to those 
operating on the thyioid The right recunent nerve splits off the vagus be- 
hind the subclavian vein and turns backwaid and upward around the lower 
bolder of the subclavian arteiy and extends upwaid along the light bolder 
of the esophagus to terminate as the mfenoi laryngeal nerve This inferior 
laiyngeal neive in its couise upward is associated with the blanches of the 
mfeuoi thyioid aiteiy sometimes lying between its blanches, sometimes in 
fiont, sometimes behind them In its couise it extends along the lateral lobe 
of the thyioid and behind the ci icopharyngeal muscle and behind the crico- 
thyioid aiticulation, divides into a postenoi lamus which supplies the crico- 
aiytenoid postenor and the transverse aiytenoid muscles — and an anterior 
lamus supplying the other laiyngeal muscles with the exception of the cnco- 
thyioid which is supplied by the lamus externus of the supenor laiyngeal 
The recuirent nerve, on the left side, is given off at the aich of the aoita, 
it passes aiound the aich of the aoita and extends upward on the anterior 
suiface of the esophagus to end as the mfenoi laiyngeal nerve 

It can be seen that the diffeimg courses of the light and left neives offer 
dissimilar oppoitumties for injuiy The nerve on the light side is shorter 
and since it lies closely m contact with the light lobe of the thyroid, can be 
easily mjuied dunng operative attacks on the gland, while the left neive is 
compai atively piotected by its position on the esophagus and is uncommonly 
injured 

A finding of paralysis of the left coid pievious to operation would make 
one suspicious that the injury to the neive occuned by a lesion in the thoiax 
such as by aneuiysm, initial stenosis with enlaiged heart, pulmonaiy infection 
or mediastinal tumoi , while this finding on the i ight would pi esumptively be 
due to lesions high in the thoiax 01 ceivical region, perhaps a goitei In oui 
experience, preopeiative injuiy to the neive due to goitei is laie and when 
it occurs, not unusually is associated with caicinoma of the gland 

We hurriedly analyzed lecoids of patients seen by Doctoi Furstenberg in 
our Depaitment of Otolaiyngology ovei a period of several months and found 
70 jiatients with paialysis of the coid 01 cords Of these, 25 followed opera- 
tions on the thyroid (in self-defense, may I say none came from our surgical 
clinic), two veie associated with large goiters and two with caicinoma of 
the thyioid Of the 25 mjuied neives, 18 were on the right side, two on the 

558 



Volume 10S 
dumber 4 


RECURRENT LARYNGEAL NERVE INJURIES 


left and five veie bilateial, demonsti atmg, I think, the lelative chance of 
injury to the light and left neives during opeiation 

We have come to feel that elevation of the lobe, dissections around the 
lobe, formation of scar tissue following opeiation aie lelatively ummpoitant 
and mfiequent causes of mjuiy to the neive The neive is usually mjuied 
by duect attack with hemostat, ligatuie 01 knife We feel that an anatomic 
exposure of the gland and its sui rounding stiuctuies tends to prevent neive 
mjuiy This exposure should be especially impel ative on the light side wheie 
mjuiy is easy and moie fiequent On the left side the opeiatoi leally must 
go out of his way to mjuie the nerve 

We have tiled veiy tew neive anastomoses without good lesults 

Doctoi Furstenbeig has used a modification of Hoover’s opeiation m 
which the mucous membiane of the cords is held against the larynx aftei 
opeiation by the superimposition of a tw r o-ivay, double aim tiacheotomy tube 
This has, in his hands, produced admnable results following opeiation foi 
bilateral lecunent nerve palsy 

Dr Emil Goetsch (Brooklyn, NY) I rvould like to say a Avoid le- 
gal ding mjuiy to the recuirent laiyngeal neive m the tieatment of the supenoi 
thyioid pole during thyroidectomy, as lefeired to by Doctor Lahey We all 
know that such mjuiies do take place It is a common piactice, m deliveiy 
of the upper pole, to place the fingei under the pole and then to elevate it 
against the tension of the supenor thyroid aitery Consideiable piessuie is, 
theiefoie, lequired and it is dui mg this maneuvei that tension is exerted upon 
the recurient neive which lies very neai and just medial and behind the pole 
As you aie aw'aie, the supenoi thyioid artery divides into a postenoi and 
an anterior bianch It is the antenoi blanch which is resistant and rendeis 
it difficult to elevate the pole Accoidmgly, when the lattei is large and thick, 
it is held down m the deep lecesses of the neck Accoidmgly, to avoid any 
possible tension upon the recunent neive, it has been my piactice to fiee the 
pole m the following mannei An incision is made into the anterior leaflet of 
the suspensory ligament at the isthmus, which is then liberated from the 
tiachea and divided Fiom this point, the avasculai space between the laiynx 
and upper pole is entered and the suspensoiy ligament is clamped, incised and 
followed upwaids until one reaches the supenoi pole Thereupon, the 
antenor branch of the superior thyioid aiteiy as the latter divides at the pole 
is clamped and divided This has released the tension holding down the pole, 
which can then be readily elevated without the necessity of placing the fingei 
behind it The pole is then resected together with the lobe, and a stump of 
thyioid gland is allowed to lemain antenoi to the postenoi bianch of the 
aitery, which is accoidmgly spared During such a procedure there is no 
tension whatever placed upon the tissues in the legion of the pole, and the 
nerve as it enters the larynx at this level is not tiaumatized or stretched By 
leaving a small stump of tissue adjacent to the posterior bianch of the artery, 
there is a minimum of injury to the smaller vessels in this legion and the 
consequent hemorrhage is piactically nil Deep clamping is therefore nevei 
necessary and the occasional injury to the nerve by clamps is also avoided 
This method of procedure has been veiy helpful m the treatment of the uppei 
pole 

I may say a woid fuithei on the possibility of mjuiy to the lecuirent 
nerve during or after the resection of laige adenomatous goiters which have 
caused piactically complete atrophy of an entire thyroid lobe, leaving a mere 
film of atiophic capsule between the goiter and the nerve In the resection 
or enucleation of such goiters, I have found it advantageous to begin the 
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dissection of the lobe on the tiacheal side, incising the capsule adjoining the 
tiachea and by means of the fingei between the goiter and the postenoi 
capsule, rolling the goiter laterally instead of m the opposite direction The 
capsule is thus readily recognized and spared and the possibility of injury to 
the nerve is, I believe, far less likely than m approaching the resection from 
the lateral side Whatevei tissue is present between the goiter and the nerve 
is thus kept intact and the occasional instance of hoarseness, four or five 
months aftei resection, is avoided 

If the lesection is conducted fiom the lateial side, tiauma in the region 
of the nerve is moie likely, and I have felt that the nerve may occasionally 
be involved in a subsequent fibrosis with consequent functional injury It is 
difficult to understand the reason for the late hoarseness on other grounds 
Unfoitunately, such hoarseness is apt to be relatively permanent as I have 
seen it in laie instances 

Dr Mont R Reid (Cincinnati, Ohio) In my experience, I have been 
quite convinced that operating upon goiters with the head and the neck relaxed 
lather than hyperextended is definitely a safety procedure By so doing, the 
gland can be lifted moie readily out of the neck, while the nerve tends to drop 
backwaid out of the way When one opeiates with the neck hyperextended, 
the muscles, the gland and nerve are taut, which makes it much harder to 
deliver the gland out of the neck and also increases the chance of injuring 
the taut nerve while woiking m a hole 

Dr Elliott C Cutler (Boston, Mass ) I would like to add a small 
anatomic expenence to this excellent exposition by Doctor Lahey During 
the experience of performing total thyroidectomy on more than So patients, 
we had to expose the lecurrent nerves in every case m oidei to avoid injury 
to them When I first attempted the operation of total thyroidectomy, I 
stood upon the right side of my patient, as had long been my custom in carry- 
ing out the operation of subtotal thyroidectomy In the first io cases I twice 
injured the left recurrent nerve From that time on I changed my position 
so as always to opeiate upon the thyioid lobe from the same side as the lobe, 
crossing from right to left when I had completed the right side and was ready 
to attack the left side The result of tins was that no fuither damage to the 
lecurrent laryngeal nerves occurred 

Would Doctor Lahey, in closing, tell us whether he thinks it is desirable 
for surgeons performing subtotal thyroidectomies always to cross over when 
one side is completed, so that the operatoi will always be on the same side 
of the patient as is the lobe which is to be removed ? 

In this large experience with total thyroidectomies I have never found a 
recurrent nerve lying within the substance of the thyroid gland This is a 
finding, of course, in agreement with the embryologic development of the 
gland and the nerve They start as separate structures and must necessarily 
remain separate I feel certain that the articles which have been published and 
which make the statement that the recurrent nerve passes into the thyroid 
gland through its postenoi capsule are entirely erroneous and must be based 
on improper visualization of the stiuctures Of course, adenomata protrud- 
ing from the postenoi capsule may paitially surround a recurrent nerve, but 
even in such cases the nerve never enteis the posterior capsule 

Another mattei which I have always thought impoitant in thyroidectomy 
is the shift of position of the recurrent nerve when the gland is drawn for- 
ward sharply by traction Under such circumstances the nerve, which in- 
variably passes through branches of the inferior thyroid artery close to the 
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posterioi capsule, is pulled forwaid with the gland When this dislocation of 
the position occuis, a clamp hastily placed on the posterior capsule may 
include the nerve Doctor Coller spoke of how some surgeons thought it un- 
wise to dislocate the thyroid gland too greatly when removing it This teach- 
ing, I think, emanates from the fact that when one does pull the gland for- 
ward, the dangers of catching the lecurrent nerve in a hemostat are mci eased 
unless the surgeon is willing, as Doctoi Lahey suggests, to visualize the nerve 
and separate the little vessel which is holding the nerve up It is this same 
type of technical erroi that so often results in lnjuiy to the common duct 
In this lattei field, if the ampulla is stuck to the common duct and great ti ac- 
tion is exerted, then the clamp, supposedly on the cystic duct, may also include 
a segment of the common duct 

This matter of the position and the visualization of the recurient neive 
is perhaps the most unpoitant knowledge foi the thyioid surgeon if he is to 
avoid trouble I cannot agree with Doctor Lahey that the neive must be 
visualized m every instance , but I do agree that any surgeon who is perform- 
ing operations upon the thyroid gland should make himself perfectly fannhai 
with the usual position of the lecunent neive by visualizing it, let us say, in 
somewheie between 50 to 100 cases 

Dr Edward D Churchill (Boston, Mass ) The recurient neives aie 
routinely visualized m opeiations foi hypeiparathyroidism, and I think it is 
fail to say that the neives are exposed to moie tiauma and ovei a longei 
period of time than in any ordinary thyroidectomy We have noticed no 
resulting injuiy to the recuiient nerves early 01 late, although a legacy of 
scat tissue must sunound the nerve tiunks In one instance, I inadvertently 
cut one division of a bifid lecurient neive and pei foimed an immediate suture 
Foi some leason it was never possible to detect any physiologic disturbance 
or change in function of the conespondmg vocal cord 

An instiuctive situation was encountered m the case of an opeia smgei 
with carcinoma of the thyioid Her laiynx was examined a week before she 
entered the hospital and found to be noimal The morning aftei hei ai rival 
she said hei voice had changed Theie was a slight huskmess that I should 
not have detected but she was veiy much aware of it, being a singer Laryn- 
geal examination showed complete paralysis of the right cord 

I suppose that in a gieat majouty of instances, paralysis of a recuirent 
nerve in association with caicmoma of the thyioid indicates malignant inva- 
sion In this case, we pioceeded with an emergency operation on the day that 
paialysis was fiist noted The neive was isolated and was not found invaded 
by malignant tissue, but definitely involved 111 the edematous reaction about 
a highly malignant tumoi 

For her own mental comfoit, hei larynx was not examined until tlnee 
months aftei this opeiation, when it was found that the right vocal cord 
moved normally 

The anatomic anomaly of the laryngeal neive arising directly from the 
cervical vagus trunk I have encountered once It is apt to be associated with 
an anomalous origin of the light common carotid directly from the aich of 
the aorta and passing transversely across the mediastinum behind the esoph- 
agus This was confirmed by putting a fingei down and feeling this anomalous 
vessel It can be detected 1 oentgenologically if you know enough to look foi 
it before operation, as a notch in the esophagus is demonstrated by a swallow 
of barium 


561 



LAHEY AND HOOVER 


Arnal-> of Surgery 
October 


Dr Frank H Laiiey (closing) In answer to Doctoi Cutler’s question, 
we have nevei performed a thyroidectomy without crossing to the opposite 
side of the table How men can work upon thyroids standing on one side of 
the table and peering over to look m back m order to see the parathyroids, I 
have never been able to understand I do not believe they do The only way 
I think you can really see what is m back of the thyroid is to stand on the 
same side 

I purposely did not mention the question of cutting the prethyroid muscle 
because it usually causes such an acrimonious discussion On the othei hand, 
I feel veiy stiongly that if this question of lecurrent laryngeal paralysis does 
exist, and it does, if you can get bettei exposuie by cutting the muscles, and 
you can, then you ought to cut the muscles After all, they heal well, and 
we have cut thousands of them It does no harm if you cut them high above 
their innervation 

As to lifting the lobe, I may not undei stand Doctor Cutler exactly, but I 
think we have not only lifted the lobe, we have hauled it up out of its bed 
and turned it upside down, and I do not think it makes one iota of difference 
We have taught every suigeon who has been associated with the Clinic to 
palpate the recuirent nerve by pushing it against the trachea, as it has real 
body, and can be felt very definitely , even palpation of the nerve under ten- 
sion does no harm 

Finally, anyone peifoimmg thyroid suigeiy should have a Berens’ mag- 
nifying loupe It will magnify two and one-half times, and the focal range 
is about 1 8 inches, so that one can keep away from the field and not run the 
danger of contaminating it It is a veiy valuable means by which one can 
see the stnations m nerves and distinguish them from vessels 
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AMOUNT OF THYROID TISSUE TO BE LEFT IN OPERATIONS 

FOR DIFFUSE TOXIC GOITER 

Morris Iv Smith, jMD 
New York, N Y 

In 1912, William S Halsted 1 uiote “Although thousands of operations 
have been performed, the world over, for the cure of Giaves’ disease, we aie 
not yet in a position to state how much of the thyroid gland should be 
lemoved in any given case ” It is still true today This paper is based on 
a study of the relation of the estimated size of the gland lemnants left at 
operation to the follow-up results 

It is known from the work of Halsted 2 and others that lemoval of a part 
of the thyroid in experimental animals is followed by compensatory hyper- 
plasia m the remnant According to DeQuervam 3 investigation has shown 
that at least thiee-quarteis of the gland may be removed without causing 
hypothyroidism, as long as the gland tissue is healthy Halsted, 1 m one of 
his dogs, found that “Hypertrophy of hardly more than a film of trans- 
planted gland plus, peihaps, the hyperti ophy of minute accessory thyroids 
sufficed to cause the disappearance of myxedema ” 

In the human subject a veiy small fragment of normal thyroid may pio- 
tect against myxedema Berlin, 4 in two patients with heart disease, lemoved 
approximately nine-tenths of the normal gland The weight of the noimal 
human gland is estimated at an aveiage of 25 Gm , so that presumably 2 to 3 
Gm remained There was a drop m metabolic rate and improvement m the 
cardiac condition, but dui mg the fifth week the metabolic rate began to rise 
and improvement became less pronounced Blumgart 5 and his collaboiators, 
m commenting upon the necessity of total thyroidectomy to relieve damaged 
hearts, say “It was not long before it was realized that anything shoit of 
complete removal of eveiy vestige of thyroid gland would not permanently 
lower the basal metabolic rate ” 

In the early days of thyioid suigery, ICocher and Reverdm discovered 
the danger of complete extirpation of the gland from the standpoint of subse- 
quent myxedema It then became a common practice to remove one lobe 
only, but while many cases of Graves’ disease were relieved by this limited 
procedure, the failures weie too numerous and the extensive bilateral lesection 
for toxic goiter gradually evolved with steady improvement m the results 
Thompson 0 and Ins collaborator, m their study of postoperative hyper- 
thyroidism at the Massachusetts General Hospital, found that the more expe- 
rienced thyroid surgeons, who, they observed, did the most complete resec- 
tions, had a lower incidence of peisistent disease than those less practiced 
Lahey and Clute 7 state a commonly held belief that failure to leturn to 
noimal is always due to too much hyperplastic tissue m the neck 

The difficulty of defining the proper amount of tissue to leave is illus- 
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trated by the fact that all surgeons recognize that it varies in different cases, 
and that many of the most authoritative wnteis do not go beyond general 
terms in discussing the matter Cnle 8 leaves the smallest amount m the 
severest cases, those with very vascular glands and in originally small glands, 
but admits that the experience of the surgeon must be the final criterion 
Lahey 9 states that judgment depends on “the degree of involution in the 
gland, the age of the patient and the degree of improvement with iodine 
theiapy dui mg the period of preparation” He advocates “leaving in fairly 
good sized remnants m those patients whose glands have involuted well and 
doing very radical removal in those patients whose glands have not involuted 
well ” 

Bremzer 10 leaves a wedge varying from one-quaiter to one-half inch in 
width and thickness McClure and McGiaw 11 say that a mere strip of thy- 
roid tissue should be left from the posterior aspect of each lobe It is note- 
woithy that they repoit three times as many instances of postoperative hypo- 
as hypei thyroidism Baitlett 12 and Hertzlei 13 advocate a similar procedure 
in adults The latter does not fear postoperative myxedema 

Richter 14 is among the most radical as well as the most specific m his 
description of the amount he leaves In an aiticle appearing in 1932, he 
stated that he had been 1 educing the remnant to less than 2 Gm but was 
inclined to leave more, possibly 2 or 3 Gm , because of the persistence of 
hypothyroidism in too many of his patients He starts giving desiccated 
thyroid four weeks postopei ative and continues as long as may be neces- 
sary, usually several months to a year 01 more Most patients return to 
normal Out of 447 patients examined aftei ladical thyroidectomy, but one 
was found to be toxic 

Pemberton 15 represents a more conseivative school He writes “One 
of the commonest errois into which many surgeons fall is the belief that 
recurrence of hyperthyroidism is always directly attributable to inadequate 
surgical tieatment This had led them to advocate and practice needlessly 
radical surgery, exacting, as it inevitably must, a higher toll of avoidable 
complications, such as injury to the laryngeal nerves and production of 
parathyroid tetany Today these are fai too excessive a puce to be paid 
foi the lemoval of goiter” The operation, as evolved at the Mayo Clinic, 
includes removal of the isthmus and resection of both lobes, leaving a 
remnant on each side equivalent to from one-sixth to two-thirds of the amount 
of tissue in a normal lobe Expressed m grams this would represent two to 
eight on each side As proof that very radical resection cannot guarantee 
against hyperthyroidism, he cites thiee cases of postoperative hypothyroidism, 
two of them definitely myxedematous, in whom exophthalmic goiter eventu- 
ally recurred 

Ebberts 16 leaves a mass on each side of the trachea equivalent in volume to 
one-third of a normal lobe, estimated roughly as the size of the terminal 
phalanx of the little finger He is less radical where involution is advanced 
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Joll 17 removes no less than seven-eighths of the gland, and m severe cases 
as much as nine-tenths, and ties all the mam arteries 

Estimation of Sice of Thyioid Remnant — For a number of years the 
writer has been measuring the remnants after they were sutured ovei at 
operation by cutting out portions of corresponding size from the specimen 
removed and weighing them, thus ariivmg at an estimate of the amount of 
gland tissue left m the neck Seventy-five patients with diffuse toxic goiter 
in whom this piocedure has been carried out and who have been followed 
with metabolism tests for from eight months to six years foim the basis of 
this study Three of the patients had had a previous resection Cases of 
nodular toxic goiter have not been included because it is felt that the diffuse 
type, m which the tissue changes are of a uniform nature, lend themselves 
better to a study of this kind 

No one who has attempted to determine the amount of thyroid tissue left 
at operation is more aware than the writer of the maccuiacies of the method 
The weighing has been done after the operation has been concluded, which 
means that the specimens may have lost m the interval from diymg As a 
check two obseivations were made In the one case a small specimen was 
weighed m the opeiating room and again after the operation without notable 
change A second specimen which weighed 76 Gm immediately after re- 
moval was found to be 68 5 Gm on standing until after the opei ation was 
completed This, however, is not a serious souice of error, as the proportion 
of the remnants to the size of the gland is small Moie important is the fact 
that the remnants are 11 regular m shape, and while they are measuied 111 
thiee planes, one is aware that the blocks cut out from the specimen aie at 
best a rough approximation Finally, theie may be extensions of the rem- 
nant which the operatoi fails to appreciate Nonetheless, with all the objec- 
tions, the method offers a moie conciete basis for judgment than visual 01 
tactual appraisals alone 

There have been no deaths during the penod of this study which would 
allow of securing at autopsy and weighing the actual lemnant as a check on 
the estimate The writer has, however, earned out the proceduie m the 
autopsy room Such observations indicate that small to medium lemnants 
have probably been underestimated by about 2 Gm 

Of the 75 patients studied, ten, or 13 pei cent, showed postopei ative hypei- 
thyroidism Another has had a basal metabolic late that is often somewhat 
above noimal but as she has had no symptoms she is not considered recur- 
rent Of the ten cases, eight are continuations Of the two lemammg, one 
was definitely hyperthyroid at the end of a year and the other, two years 
Metabolism tests obtained 111 the interim on the first were — 1 1 and -j-15 
per cent, on the second, +27 per cent, so that these patients may not have 
been completely relieved of then toxicity at any time 

The estimated size of the remnants has ranged between 3 and 25 Gm 
Thirty-seven were recorded as 6 Gm or less and 38 as 7 Gm or more If 2 
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Gra aie added as a coirection, the division would come between 8 and 9 Gm 
instead of between 6 and 7 — piobably closei to the actual amounts 

The proportional size of the lemnant was calculated by adding its cor- 
lected weight (estimated weight plus 2 Gm ) to that of the specimen, and 
dividing the result, the weight of the whole gland, by that of the coriected 
lemnant Forty were found in this way to have one-seventh, or less, of their 
gland remaining, and 35 one-sixth 01 moie, the proportions ranging fiom 
one-twentieth to one-thud 

Factors Othe ; Than Sine of Remnant Influencing Result of Tieatment — 
If all cases in the senes were identical the study of the effect of the different 
sizes of lemnant on the outcome of the opeiation would be much simplified 
Of the vanables which have to be considered, that of pnmary importance is 
the seventy of the disease In ordei to take account of this factor the series 
has been divided into two, on the basis of elevation of basal metabolism 
befoie tieatment As would be expected, the great majority of patients with 
postoperative hypei thyroidism came fiom those in the higher range, eight 
as opposed to two in the lowei range Size of the gland is a factor of at least 
technical impoitance There weie moie large glands among the severer 
cases 

Involution has been mentioned as a factoi m judging the amount of gland 
tissue to leave In this senes the writer has not lecogmzed any notable trend 
on the basis of iodine 1 espouse Those in whom the metabolism fell to below 
-f-20 per cent, on then preopeiative iodine, had a very low incidence of 
postoperative hyperthyroidism They wei e, however, almost altogether drawn 
fiom the milder cases 

Tlnee patients of the series weie adolescents, age I3 1 and 14, too few to 
furnish any conclusions as to treatment in the young In general, howevei, 
the wnter piefeis to be conservative in lesections in this age-group The 
oldest patient was age 60 

It is now proposed to examine the effect of the size of the remnant con- 
sidered from the two aspects of weight and pioportion on (1) The general 
metabolic outcome of the senes, (2) the incidence of postoperative hyper- 
thyioidism, (3) the incidence of postopeiative hypothyroidism , and (4) in- 
dividual cases 

Size of Remnant and Metabolic Result — A composite metabolism progiess 
chart has been prepaied of the two gioups of the series based upon the weight 
of the remnants Persistent and lecuirent cases are included until such time 
as they may have been submitted to 1 oentgenothei apy 01 reoperation (Table I) 

It is seen fiom analyzing Table I that there is no apparent difference in 
the collective outcome, although the group with lesser remnants contains a 
larger proportion of milder cases, as is also evidenced by the lower average 
of fast metabolism tests 

A similar chait has been prepaied based upon the proportion of the rem- 
nants, with the correction of 2 Gm added, to the size of the gland (Table II) 

In the division, as seen m Table II, the group with proportionally smaller 
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remnants contains a much laiger propoition of the severer cases, which is 
reflected m the higher average admission metabolism Theie is nothing to 
choose m the collective aftercourse 


Table I 

COMPOSITE METABOLIC RATE 



Six Gm or Less 

Seven Gm 

or More 


Corrected, 8 Gm 

or Less 

Corrected, 9 Gm or More 


BMR No 

of Cases 

BMR 

No of Cases 

Admission 

+ 5 i 

37 

+62 

37 

Preoperative 

+23 

37 

+28 

38 

Postoperative 

+ 1 

35 

+ 2 

34 

3 months 

+ 6 

21 

+ 4 

24 

6 months 

=*= O 

26 

* 0 

28 

1 year 

0 

28 

* 0 

33 

2 years 

± O 

24 

+ 2 

22 

3 years 

- 5 

15 

2 

14 

4 years 

+ 5 

9 

— 2 

13 

5 years + 

- 4 

9 

- 3 

10 


Table 11 





COMPOSITE METABOLIC RATE 

* 




Remnant 




One-Seventh or Less 

One-Sixth or More 


BMR No 

of Cases 

BMR 

No of Cases 

Admission 

+65 

40 

+46 

34 

Preoperative 

+30 

40 

+20 

35 

Postoperative 

+ 3 

37 

+ 1 

32 

3 months 

+ 5 

26 

+ 6 

19 

6 months 

+ 1 

32 

— 1 

21 

1 year 

- 1 

34 

+ 1 

27 

2 years 

+ 2 

24 

— 2 

20 

3 years 

- 3 

18 

- X 

10 

4 years 

+ 2 

13 

— 2 

7 

5 years + 

- 4 

9 

+ 1 

9 


In 01 dei to appioach the question fiom a somewhat diffeient aspect, the 
series has been divided into three gioups (i) Those whose postoperative 
basal metabolism tests have aveiaged less than ±o, 35 m number, (2) those 
who have aveiaged above =t=o but have not been considered hypei thyroid 
postoperatively, 30 m number, and (3) the ten with persistent and recur- 
rent hyperthyroidism 

As betrveen groups (1) and (2), the foimei contains a larger pioportion 
of mild cases The aveiage size of remnants is the same Group (3), made up 
of the ten peisistent and lecuirent cases, contains a pi eponderance of origi- 
nally more toxic patients, while the size of the remnants averages 10 5 Gm as 
opposed to 7 in the remainder of the senes 

Size of Remnant and Incidence of Postoperative Hypei thyi oidtsm — Ap- 
pioaching the subject now from this aspect, one finds that m the half of the 
senes with smallei remnants by weight the incidence of postoperative hypei- 
thyroidism is 8 per cent as opposed to 18 pei cent m those with laiger lem- 
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nants The formei gioup, however, contains 62 per cent of milder cases 
which modifies the significance of the figures Dividing the series into 
thirds, that with smallest lemnants has fewest failures 

Where the series is divided into two, on the basis of corrected propor- 
tional size of the remnants, there are an equal number of persistent and re- 
current cases m each group The result must be considered better, however, 
m the group with smaller proportional remnants, as it contains 70 per cent 
of severer cases Dividing the senes into thiee, the thud with smallest 
remnants proportionately includes only one patient with persistent hyper- 
thyroidism, although it is made up largely from the severei cases 

Among the ten failuies in the series studied, seven had remnants above 
the median 111 weight and thiee below Of these three below, all were from 
lelatively small glands and fell among those with the largest remnants pro- 
portionately It would seem that a reduction in thyioid tissue that was 
thoiough, both fiom the point of view of actual as well as proportional size, 
should be followed by a minimum of postoperative hyperthyroidism 

Size of Remnants and Postopei ative Hypothyi oidism — Theie are six 
patients who have been given thyioid medication for a period but none have 
had to lemam on it peimanently These six include both seveier and nnldei 
cases as well as those with smaller and laiger remnants It is appaient, how- 
ever, that postopei ative hypothyi oidism may ensue despite a good sized 
lemnant of thyroid tissue 

Size of Remnant in Individual Cases — When the persistent and recui- 
tent cases are reviewed individually one feels, in almost all instances, that had 
the resection been moie ladical the result would have been better 

ILLUSTRATIVE CASES 

Case 1 — Mrs C , age 27, married had a primary basal metabolism rate of +55 
per cent Seventy-nine grams of thyroid tissue were removed The remnant was esti- 
mated to be 12 Gm , considerably above the average of the series Three months after 
operation the metabolic rate was +41 per cent, and she was not well She had roentgeno- 
therapy and responded promptly Since then her tests have been within normal limits, 
the last one — 6 per cent, nearly six years after operation 

Case 2 — Mrs P , age 48, was hypertensive as well as hyperthyroid, and presented 
a different aspect of the problem Her primary metabolism rate was +71 per cent 
The gland was a small one, the specimen weighing 17 Gms and the remnant being 
estimated at 6 On the seventh postoperative day the metabolism was +5 P er cent - 
but by the end of four months it had risen as high as -{-36 per cent She received 
roentgenotherapy, which completed the cure as far as we have been able to observe her 
In this instance the remnant was small by weight but large in proportion to her original 
supply of gland tissue 

Howevet, what seems like an adequate resection will not always insure a 
satisfactory result 

Case 3 — Miss R , age 30, had a primary metabolism rate of + 5 ° P er cent ’ anc * a 
second of +41 per cent before treatment The specimen weighed 28 Gm and the rem- 
nant was estimated at 5 Although the patient gained 20 pounds and looked well, she 
had a metabolism rate at nine months of -j-20 per cent and at 11 months of +28 per 
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cent, accompanied by symptoms of fatigue and emotional instability On iodine her 
metabolism rate has remained within normal limits during the past few months but she 
still has symptoms 

In this instance the remnant was small, and while its proportion to the 
size of the gland was greater than the median of the series, the operator felt 
that he had, if anything, gone too far, as the toxicity was not severe and the 
gland of normal size 

Case 4 — Mrs S , age 37, shows that the patient may do well as could be wished 
despite the fact that she has been left with considerable thyroid tissue On admission her 
basal metabolism rate was +64 per cent At operation the estimated remnant was large 
by weight, 11 Gm , and also proportionately to the size of the goiter Postoperatwe 
metabolism tests have been at six months, -H per cent, at one year, —9 per cent, and 
at four years, — 13 per cent 

Case 5 — Mrs P , the only one of the series to come to reoperation thus far, is 
presented to illustrate regeneration At the first operation the specimen weighed 74 
Gm and the remnant was estimated at 9 At the second operation, two years later, 19 
Gm were removed, leaving an amount estimated at 5 Gm 

SUMMARY AND CONCLUSIONS 

The powei of legeneration of the thyroid gland is veiy gieat The ac- 
cumulated experience of suigeons has been that lesections for toxic goiter 
must be extensive 111 ordei to keep the incidence of unsatisfactory results at a 
low figure, although many successes have been recoided after what is now 
considered inadequate surgery 

In the series under leview the wntei has attempted to perform thoiough 
but not extremely ladical resections The lecord of 13 per cent relapses, a 
figure which may well be increased after a longer penod of observation, in 
some of the more recent cases paiticulaily, would argue that, m general, 
criticism might point rather toward too great conservatism than otherwise 

One cannot place too much confidence on statistics based upon such rough 
methods of estimation as have necessarily been employed, yet it is felt that 
they have some value 

The most important factor m planning the extent of operation is the 
seventy of the disease Size of the gland, both for its bearing on technical 
difficulties as well as on the relative proportion of lemnants to be left, is also 
important 

Studies on the collective outcome of the senes would seem to indicate 
that, within the limits of resections performed, there was not much to choose 
between larger and smaller remnants When, however, the incidence of 
persistent and recurrent cases is used as a criterion, the results favored the 
smaller remnants both on the basis of actual weight and relative proportion 
Examination of the individual failures showed that m no case did the rem- 
nant fall into the smaller half of the series on both counts This indicates that 
not only must the operator plan on leaving a small remnant but that he must 
be guided in his judgment by the size of the original goiter and in the case 
of small very toxic glands be particularly ladical This is only logical when 
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one lecalls that an equally seveie giade of intoxication may be found in the 
piesence of glands of veiy different sizes 

On the basis of this study, the wnter thinks that a lemnant of 4 or 5 
Gm as he has estimated it, 01 as coi rected, 6 or 7 Gm , should result in fewer 
failuies To present the mattei moie concietely, blocks of tissue measunng 
3x1x1 cm fiom two specimens of hyperplastic iodized glands weie weighed 
and found to be 2 to 2^2 Gm This amount on each side of the trachea seems 
a satisfactory amount to allow to lemain in the more toxic cases unless the 
gland is small I11 the case of medium to good sized glands, a remnant of 5 
Gm would repiesent a small piopoition of the original goiter, say one-tenth 
01 less, a lelative amount which m the senes studied was followed by a low 
incidence of postopeiative hypei thyi oidism In the case of glands which 
aie little laigei than noimal, despite a maiked toxicity, one should leave 
smallei amounts than usual so that the relative reduction of thyroid tissue is 
thoiough In laige glands with only mild toxicity, on the other hand, more 
geneious lemnants ought to meet the indications 
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Discussion — Dr William Barclay Parsons (New Yoik) Doctor 
Smith’s interesting paper brings up certain points of technical and philosophic 
nnpoitance that are worthy of comment In my opinion, it is doubtful if 
we are entitled to assume that the behavior of the gland lemnant left behind 
after operation on a pathologic gland will be similar to that of normal thyroid 
left by mistake m attempting total thyi oidectomy foi heart disease The 
former would be fai moie subject to either legiessive 01 progressive change, 
while the lattei would have a tendency towaid noimal behavior 

One naturally agrees with all the geneial pi maples laid down by Doctor 
Smith One cannot help having some doubt as to the estimation of the weight 
of the remnant, particulaily if one has had experience 111 the technic In 1930 
and 1931, Gutman, at the Presbytenan Hospital in New Yoik, was inter- 
ested in estimating the total weights of thyroids m the course of some iodine 
studies he was pursuing We estimated the gland lemnant for him by meas- 
uring the remnant before suturing, which should be accompanied by less 
eiroi than after suturing To indicate roughly how much a fiesh piece 
of thyroid weighs, one flat pear-shaped piece measuring i}£"x}£"x} 4 " 
weighed 6 Gm , anothei measuring 1 weighed 45 Gm Pieces 

of this size aie by no means laige, but were adequate for these two paiticular 
cases, as they weie in satisfactoiy condition when last seen, six and seven 
years aftei operation We really had but little confidence that oui measure- 
ments came within an enor of 10 pei cent, and it is probable that we all 
leave far moie tissue behind than we believe we do Fortunately in the vast 
majority of cases a balance is 1 eestablished — the same kind of accommoda- 
tion that follows othei suigical procedures involving the sacnfice of pait 01 
all of an important organ or viscus 

As Doctoi Smith points out, we should make an attempt to fit the opeia- 
tion to the case according to the suggestions in his papei The greatest dif- 
ficulty is m the cases with very small, highly active glands I11 these, one is 
forced to leave a lelatively tiny lemnant and one iuns the risk of senous im- 
pairment of blood supply to this small piece 

In all cases, as individual problems, there is the decision to be made, if 
one has to miss the ideal, whethei one wishes to err on the side of too con- 
servative or too radical a lemoA^al of tissue Heie is wheie one’s philosophic 
point of view affects one’s technical pioceduie As a lule the consei vative 
appeals to me A few cases of persistent hyperthyroidism aie far easier to 
handle than a few cases of persistent hypothyroidism Radiotheiapy will 
straighten out three-quartei s of the foimei, the balance lequirmg leoperation 
In my experience hypothyroidism has usually been permanent, and these 
individuals have, I fiimly believe, a greatei quality and quantity of unhap- 
piness than those with persistent hyperthyroidism People with hypothy- 
loidism are uncomfoi table and unhappy Thyioid extiact will of couise help 
to a degree, but it is at best a poor substitute for an adequate supply of one’s 
own thyroid secretion It is also a nnsfoitune when one has to live with a 
bottle of pills, fi 0111 both financial and ps) chologic reasons 

Dr Emil Goetsch (Brooklyn, NY) I would like to say a few words 
with refeience to the lemnant lemammg aftei thyroidectomy which Doctor 
Smith has discussed m detail In the hypei plastic thyioid gland that has been 
untreated medically with iodine, theie follows, after the mtensne preoperative 
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treatment with iodine, a maiked accumulation of colloid, m other words, a 
marked involution togethei with a good clinical remission However, in those 
instances of hyperplastic thyroid glands which have been treated medically 
with iodine, perhaps foi weeks or months, the pi eoperative intensive treatment 
with iodine is not followed by satisfactory involution or by a good clinical 
remission Accordingly, one should leave a larger 1 emnant m the case of the 
colloid gland with a good involution than in the lattei instance 

I think it is of the greatest importance to visualize the histologic appearance 
of the gland that we are resecting, foi when we are considering lemnants 
purely in respect to their weights, we may be talking about the weight of the 
contained colloid that we aie leaving behind, which has little to do with the 
future outcome of the operation In the 1 emnant, we naturally are planning 
to leave a certain amount of thyroid parenchyma and if one visualizes the 
relative amount of parenchyma which one is leaving in the 1 emnant, then I 
believe we are on a correct basis as to the amount of real thyroid gland which 
we aie leaving for futuie functional purposes I believe it is a safe practice 
to lesect the thyroid gland more radically in instances of extieme toxicity in 
which theie is the highest degree of hypeiplasia In othei words, the moie 
hyperplastic the gland, the more ladically I believe one should proceed The 
possibility of recurrence is thus minimized Recently I saw an instance of ie- 
currence of hypeithyioidism in a woman upon whom I had opeiated eight 
years previously, having pei formed a double resection for exophthalmic goitei 
In a review of the lustoiy, I found that this woman had an unusually laige 
and extremely vascular gland which was strikingly hyperplastic and of a 
somewhat beefy, meaty appeal ance Following the operation, she developed 
extremely critical postoperative reaction which was as severe as I had ever 
seen other than in fatal cases She foi tunately recovered It would seem that 
the intense potentiality of developing exophthalmic goitei was not entirely 
eliminated by the thyroidectomy and that this potentiality was sufficiently 
strong to develop 1 ecurrent hyperthyroidism aftei eight years 

A fui ther woid with leference to the thyroid 1 emnant Some years ago, 
during my association with Doctoi Halsted, I had occasion to observe the 
results after single lobectomies, and was sui prised to see a lathei large numbei 
of patients who lecovered satisfactorily and appaiently remained well fol- 
lowing a single lobectomy In my own earhei experience, before the pre- 
operative use of iodine, I too had performed a considerable number of single 
lobectomies for exophthalmic goiter in young gn Is whose fui ther course I was 
able to observe Many of these patients subsequently married, had children 
and remained well ovei a considerable period of years These facts indicate 
that m our concern legarding the size of the 1 emnant to be left behind aftei 
thyroid resection, we aie consideimg only one element in the lecoveiy fiom 
the very complex disease of exophthalmic goitei There are many factors 
concerned othei than the size of the remnant and if natuie were not on oui 
side as surgeons, we would have a difficult time in the treatment of this 
disease 

I should like to say a woid on one further point and that is with reference 
to the status of the hyperthyroid patient m the early weeks after thyroidectomy 
It is of course dramatic to note a normal metabolic rate and a disappearance of 
practically all symptoms in the early weeks after thyroidectomy Such prompt 
return to normal is often destined to be followed by a late hypothyroidism, 
two to three or foui years or longer, aftei thyroid resection In other words, 
the resection has been too ladical and the remnants of thyroid gland remaining 
after resection too small In other woids, I prefer to leave somewhat larger 
remnants and see the return to normal following operation occur more gradu- 

572 



Volume JOS 
Number 4 


DIFFUSE TOXIC GOITER 


ally over a period of two to three months, for these patients are destined to 
remain well and to be more nearly normal than patients who present moie 
normal findings within a few weeks after operation 

Dr Martin B Tinker (Ithaca, NY) Doctor Smith spoke of the 
weight of the gland, mentioning the size of the fragment left with relation to 
weight His experience checks well with oui own As a rule you cannot 
1 educe the size of the fragment remaining to less than 3x1x1 cm, and get 
satisfactory thyroid secretion On the other hand, there are, as Doctoi 
Smith has said, cases m which it is necessary, because of low activity, to 
leave a larger fragment One of the best ways to arrive at a decision as to 
how much to leave is to have all interested study the gross specimens in com- 
parison with the microscopic and clinical findings Any man who will go 
over 500 specimens in that way, better still 1,000, will get a good idea from 
the gross appearance of the gland in the neck and the gland when cut, as to 
how much it is necessary to leave behind In over 7,000 cases, we have had 
less than 1 pei cent of hypothyroids, also less than 1 per cent, during recent 
years, of operations for recuirence 

The function of the thyroid depends upon its cnculation, and it seems 
unwise to cut off too much blood supply We do not ligate the inferior thy- 
roid artery If radio cutting is used, hemorrhage is conti oiled without trouble 
or injury to the artery, and by dividing well up onto the capsule, it is possible 
to safeguard the paiathyroids and enough circulation so that the fragment left 
will function well and take care of the needs of the patient 

It is veiy true that 111 certain instances, a large fragment can be left with 
satisfactory function Doctor Schweitzer will remember the cases that Dr 
Theodor Kocher operated upon with serious resultant myxedema, where he 
removed only one lobe, and in my earlier cases, I followed Kocher’s technic 
Some patients have remained well for 30 years and over, where a single lobe 
was removed However, that would not apply to the diffuse goiters that 
Doctor Smith is talking about They must have the gland reduced decidedly, 
best judged after caieful study of the gross and micioscopic appearance has 
taught how much to leave and also by maintaining adequate circulation of 
the stump of gland left 
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Iodine and thyroid function are msepaiably related The thyroid gland 
is a pnncipal storehouse foi iodine The thyroid hormone has a high iodine 
content The utilization of iodine to form thyioid hormone is thus an integral 
part of thyroid activity As a consequence the metabolism of iodine becomes 
of fundamental significance in the investigation of thyroid physiology, and 
of the changes in function incident to the development of thyroid disease 
The use of iodine in the pievention of goiter has long been known Since 
the contributions of Plummer, its use in the pieoperative management of 
exophthalmic goiter has become common clinical knowledge 

Nevertheless, dui mg the past decade newei facts have been added to the 
iodine story It is established that iodine is constantly present in human 
blood In what form it cn culates is not yet cleai, although presumably a 
part, at least, actually exists as thyroid hoimone There is a variable daily 
loss of iodine m the mine, feces and sweat The level of the blood iodine 
fluctuates, likewise the daily excretion in the urine These findings have 
gradually assumed clinical significance 

Dui mg the past eight yeais a gioup of us, including Davis, Cole, Phillips, 
Barron and Matthews, have investigated vanous phases of iodine metabolism 
in over 200 patients with exophthalmic goitei Foi determining the minute 
amounts of iodine present in the hlood and urine we have employed thiee 
methods First, an adaptation of the von Fellenberg procedure which was 
developed by Davis 1 Second, a similar basic ashing method which was 
further refined by Phillips 2 Thu d, our pi esent method is a closed, chromic 
acid oxidation proceduie derived by Matthews 3 from the Leipert principles, 
which yields lower values foi the blood iodine 

It is difficult to adequately condense the available matenal Howevei, 
further details, together with othei tables and charts, aie available in current 
publications 4,5 G 7 In the present communication we wish to pi esent foui 
features of the metabolism of iodine 111 exophthalmic goiter These concern 
(1) the iodine content of the goitious thyroid gland, which is decreased, (2) 
the blood iodine, which is usually increased, (3) the unnary excretion of 
iodine, which is usually inci eased, and (4) the iodine balance, which reveals 
a depletion of the patient’s usual reserve store of iodine 

In order bettei to understand the pathologic iodine metabolism which 
exophthalmic goiter presents, it is clarifying to consider its two principal 
features Our studies 6 have clearly demonstrated a greatly increased mobiliza- 
tion of iodine with a subsequent depletion This is compaiable to the increased 

* This work was aided by a grant from the Committee on Scientific Research of The 
American Medical Association 
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mobilization of calcium and the ensuing calcium depletion which ocans in 
hyperparathyi oidism 

The Thyroid Gland Iodine — The Thyioid Gland Iodine Is Dea cased 
in Untieatcd Exophthalmic Goitei The nonnal iodine content of the human 
thyroid gland vanes from 8 to 10 mg The wet weight concentration varies 
aiound 40 mg pei cent, while the diy weight concentiation ranges around 
200 mg pei cent It is significant that this iodine is contained pnncipally 111 
the colloid substance Vanations occui, physiologically, seasonally and geo- 
giaphically Thus, the iodine content is louei during the wmtei months, and 
highei m pei sons living in coastal cities where the iodine intake is greatei 

Since the onginal contributions of Baumann it has been known that the 
diffuse hypei plastic gland, characteristic of exophthalmic goitei, has a dimin- 
ished iodine content This observation has been lepeatedly confirmed, and 
moie recently by Lunde It signifies iodine loss and is directly coi related 
with the loss of colloid substance from the more cellulai, hypei plastic alveoli 

Thyioid iodine depletion may also ensue duiing the course of seveie infec- 
tious diseases It may be produced expei nnentally by the admmistiation of 
the thyreotiopic hormone 

The Blood Iodine — The Blood Iodine Is Usually I no eased m Unseated 
E.x ophthalmic Goiter Extensive clinical investigation, subsequent to the 
studies of Veil and Stunn, has established the value of the blood iodine as 
a measure of thyioid function It is usually inci eased 111 patients piesentmg 
hypei thyi oidism, and deci eased 111 those with hypothyroidism It has become 
a clinical aid m recognizing hyperthyroidism In those unusual instances 
where it is not increased, it has been shown to have piognostic value Its 
clinical significance has consequently become sinulai to that of the blood sugai 
m recognizing functional variations of the islets of Langerhans, 01 of the 
blood calcium in determining changes in paiathyioid activity 
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The majority of patients with untreated exophthalmic goiter present an 
mci eased blood iodine (Tables I and II) Results obtained from the earlier 
methods of analysis yielded higher values for the blood iodine than are now 
found (Table I) These older methods, however, revealed that the blood 
iodine averaged more than twice normal m patients with exophthalmic goiter 
Newer methods reveal a lower normal blood iodine (Table II) Nevertheless, 
they also show that it is increased to more than twice normal m exophthalmic 
goiter The proportional increase in exophthalmic goiter is similar by either 
method 


Table II 

THE IODINE BALANCE IN EXOPHTHALMIC GOITER 
As Compared with Normal Individuals and Patients with Nodular Goiter 
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3 

24 
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4 3 
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II 

9 

7i 

29 
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Nontoxic nodular 

2 

18 
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60 

25 
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IS 

Plus 28 

8 S 

107 

50 

13 

no 

39 

-131 

Exophthalmic 

3 

33 

Plus 40 

9 0 

68 

55 

IS 

138 

29 

— 109 


* Meg denotes a microgram (o oor mg ) 

The nature of this mci eased blood iodine is not clear It appears to be 
principally in the alcohol insoluble fraction, which has been designated 
“organic ” Presumably it repiesents a greater circulation of the high lodme- 
contaming thyroid hormone or of its metabolic products 

There is no direct parallelism between the blood iodine, the urinary excre- 
tion of iodine and the basal metabolic rate in patients with exophthalmic 
goiter (Table I) As a rule, however, all three are inci eased Each of the 
three, however, dependent upon the phase of the disease, may lie within the 
normal range Thus, in a late stage of untreated exophthalmic goiter we 
would ordinarily expect a resultant pronounced iodine depletion to have 
occurred This should have an effect upon the blood and urinary iodine 
Iodine tolerance tests have been applied to the diagnosis of exophthalmic 
goiter These depend upon the rate at which the injected iodine is removed 
from the blood stream, as shown by subsequent blood iodine determinations 
The progressive iodine depletion of exophthalmic goiter is a significant factor 
in the evaluation of these procedures The depleted tissues and particularly 
the depleted thyroid gland appear to remove more rapidly the increased cir- 
culating iodine 

The prognostic value of a low blood iodine m patients with exophthalmic 
goiter is brought out by the studies of Perkin and Hurxthal 8 It has been 
our experience that the increased blood iodine usually found in exophthalmic 
goiter returns to a normal range subsequent to an adequate thyroidectomy 
They have shown in addition that these patients present no evidence of recur- 
On the other hand, in those patients with a normal blood iodine pre- 

576 


rence 



IODINE METABOLISM IN GOITER 

opeiatively, they even find a postopei ative increase, and point out an mci eased 
tendency to recurrence 

The Urinary Excretion of Iodine — The Unmiy Excretion of Iodine 
Is Usually I na eased in Exophthalmic Goitei ~ Iodine is a normal constituent 
m human urine The daily excretion fluctuates, however, and appears to 
depend principally upon the variable food intake, which is inconstant When 
a constant, monotonous food regimen is maintained, the daily urinary loss 
is more uniform 9 The age of the individual appears to be a factor Variable 
physiologic states, such as menstruation, have a demonstrable effect The 
amount of iodine excreted m the ui me varies geographically 10 It is low in 
those regions wheie goiter is endemic, as in central Ohio, where it averages 
51 micrograms daily It is increased in localities which are relatively goiter- 
free, as m New Orleans, wheie it averages 117 miciogiams daily These 
latter observations have a definite bearing upon iodine deficiency as related 
to the incidence of goitei 

The majority of patients with exophthalmic goiter leveal an increased loss 
of iodine in the urine (Table I) Thus 13 1101 mal peisons excreted from 36 
to 78 micrograms daily, and averaged 51 10 In contrast, 24 patients with 
exophthalmic goiter lost fiom 46 to 357 micrograms daily m the urme, and 
aveiaged 147, which is approximately thiee times greater than normal 5 
It is suspected that this increased urinary loss of iodine originates 111 an 
increased breakdown of the high iodine-containing thyroid hormone How- 
ever, this may not prove to be the only factor since other tissue iodine may 
play a part To be correlated with this are the increased blood iodine and 
the loss of iodine from the hyperplastic thyroid 

The precise form 111 which iodine is excreted in the urine has not been 
determined 11 It does not appear to be 111 the form of thyroxin, either 
chemically or biologically, but lather in a moie simple compound Solution 
of this particular problem is important 

We have elsewhere piesentecl extensive data of the 111 inary excretion of 
iodine of normal individuals, 10 of patients with exophthalmic goiter, 5 and of 
patients with other thyioid diseases 9 Fiom these studies it appears that the 
urinary iodine is of sinulai significance 111 disturbances of thyroid function as 
is the urinary calcium 111 parathyroid disease 

Nevertheless, in extending these studies it soon became apparent that the 
blood or urinary iodine repiesented but fractions of the entire process of 
iodine metabolism The blood iodine noi mally less than 1 mg , presented 
the amount in circulation, although a part of this presumably existed as 
thyroid hormone or its iodine-containing split products Another part pre- 
sumably represented the iodine of nutrition 

Moreover, determinations of the urinai y iodine did not present sufficient 
evidence concerning the intake, utilization or storage of iodine Therefore, 
it became increasingly evident that the iodine balance should be determined 
This meant the institution of carefully controlled hospital conditions for meas- 
uring the intake of iodine m the food, water and air, as well as its excretion 

577 



CURTIS AND PUPPEL 


Annala of Surgery 
October 1S38 


m the mine, feces, sweat and expired air The diffeience between the deter- 
mined amount of intake and output would then yield a balance In case stor- 
age weie occurnng, this would be positive With an excretor) loss greater than 
the intake, it would be negative 

The Iodine Balance — Exophthalmic Goiter Piesents an Ina eased 
Negative Iodine Balance G It is of advantage to understand something of the 
1101 mal vanables and fluctuations of the iodine balance, in normal individuals 
as well as in patients with nontoxic goitei, before reviewing the abnormality 
piesented by exophthalmic goiter Detailed studies of these basic considera- 
tions aie piesented elsewheie 0 7,12 

Noimal persons maintained on a low iodine intake reveal a low negative 
iodine balance (Figs i and 2, Table II) They appear to requue a certain 
amount of intake iodine daily to remain in balance Thus three normal indi- 
viduals with a deci eased intake of 29 micrograms of iodine daily excreted 
71, lesultmg in a daily negative balance of 42 micrograms Fifty-one micro- 
grams, or 72 per cent of the iodine, was lost m the urine Eleven micrograms, 
01 15 pei cent, was excreted m the feces, while nine micrograms daily, or 13 
pei cent, was lost in the sweat (Table II) 

It is possible to inci ease the intake iodine by adding to the diet milk with 
an mci eased iodine content This has been prepared by giving dairy herds 
feeds containing supplemental iodine 13 When maintained on such a diet, con- 
taining adequate iodine, noimal persons lemam in positive balance, and may 
even store consideiable amounts of iodine (Chait 1) Too, this storage may 
be inci eased by the addition of potassium iodide to their diet (Chart 1) 

Dui mg a period of starvation the negative balance is not only maintained, 
but may even increase somewhat (Chait 2) This further indicates a constant 
daily requirement of iodine, a part of which is presumably to be used m the 
formation of the high lodme-contammg thyroid hormone 

The iodine balance of patients with nontoxic nodular goiter resembles that 
of normal persons, with possibly an even greater tendency to storage 7 It is 
quite dissimilai to that of exophthalmic goiter patients, since the increased 
mobilization of iodine is lacking, as well as the subsequent depletion 
(Table II) 

Two patients with nontoxic nodular goiter, maintained on a low iodine in- 
take over a total period of 18 days, showed an average negative iodine balance 
which was within physiologic limits (Table II) The intake iodine averaged 25 
micrograms daily while the output aveiaged 60 micrograms, resulting in a 
daily negative balance of 35 micrograms The greatest excretion was in the 
urine, averaging 67 per cent Seventeen per cent was excreted in the feces 
and 16 per cent was lost m the sweat 

One patient (Chart 3) even showed a greater letention of iodine than 
normal persons similarly controlled (Table II) This tendency of patients 
with nontoxic nodular goiter to store iodine, rather than to exci ete it, has been 
noted by Scheffei and v Megay 14 

Elsewheie, we have presented extensive data which reveal the great dis- 

578 



Volume 108 
Number 4 


IODINE METABOLISM IN GOITER 


turbance of iodine metabolism found in exophthalmic goiter c The increased 
mobilization of iodine is shown m the rise of the blood iodine, and by the 



Chart i — The iodine balance in a normal individual Note the negative iodine balance on a low 
iodine intake and the effect of increasing the intake 


greater excietion of iodine in the urine, feces and sweat Moreover, subse- 
quent to this increased mobilization, iodine depletion ensues This is revealed 
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Chart 2 — The effect of starvation on the normal iodine balance Note Chart 3 — Nontoxtc nodular goiter presents a normat nega 

the continued negative balance tive iodine balance on a low iodine intake Note the effect of 

th> roidectom> 
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m the decrease m the thyroid gland iodine and m the gieatly nici eased nega- 
tive iodine balance 

Patients with exophthalmic goiter, maintained on a low iodine intake, lose 
from two to three times the amount of iodine lost by normal persons or by 
patients with nontoxic nodular goiter similarly controlled (Table II) Thus, 
the intake of three exophthalmic goiter patients averaged also 29 nucrograms 



Chart 4 — The increased negative iodine balance of exophthalmic goiter 
Note the increased fecal excretion o\er normal 


daily, while the daily loss was 138 nucrograms This resulted 111 a daily in- 
creased negative iodine balance of 109 micrograms The greatest excretion of 
iodine was by way of the urine, averaging 49 per cent Forty per cent was 
lost in the feces and 11 per cent 111 the sweat The greatly increased fecal 
loss over normal is shown m Chart 4 
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It would consequently appeal that untieated exophthalmic goiter is charac- 
tei ized by a tendency to lose iodine Thus, two patients have been maintained 
on an iodine intake sufficient to keep a normal individual in positive balance, 
and to allow foi some storage Both, however, showed a continued negative 
iodine balance c> 12 



Chart 5 — The increased negative iodine balance of toxic nodular goiter 
Note the increased urinary excretion over normal Note the effect of thjroidec 
tomy 


Nevertheless, gi eatly increasing the intake results in an immediate reten- 
tion of iodine Moreovei, the resultant positive balance becomes considerably 
gi eater than nonnal (compaie Chart 6 of leference 6 with this Chart i) 
The diffuse hyperplastic goiter, progressively depleted of iodine during the 
previous course of the disease, may then lapidly store moie than ioo mg 
Presumably theie is also a lesser lepletion of other depleted tissues This 
increased storage is maintained for a varying period of time, depending upon 
the extent to which pievious depletion had occurred However, with the 
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cessation of the daily admimstiation of io mg of iodine, the foimei negative 
balance is soon reestablished, while the stoied iodine is then progi essively lost G 
It appears difficult for a patient with untieated exophthalmic goiter to stoie 
or to hold iodine 

The tiue nature of this mci eased negative iodine balance of exophthalmic 
goitei needs fuither investigation Othei tissue-iodme than that of the thyioid 
gland may play a part Too, it is possible that iodine has anothei function 
m human metabolism besides furnishing two-thuds of the active thyioid hoi- 
mone, thyroxin Presumably, howevei, the mci eased iodine loss lesults from 
an mci eased secietion and consumption of thyroid hoimone with the conse- 
quent greater mobilization and excietion of iodine This pioblem has been 
fuithei discussed elsewheie 0 

Several factois may influence the inci eased loss of iodine in exophthalmic 
goitei On medical management alone, including hospital control with bed 
rest, a high caloric diet and calcium therapy, one patient showed a 1 emission 
of the clinical symptoms, and a deciease of the basal metabolic late to within 
noimal lange Theie was a couespondmg deciease m the excietion of iodine 
through the vanous channels, while the iodine balance returned to within 
noimal limits dui mg the sixth thiee-day period c 

Subsequent to adequate thyioidectomy we have found that the distui bed 
iodine metabolism of exophthalmic goiter 1 etui ns to noimal G The blood 
iodine deci eases Theie ensues a lessened urmaiy excretion of iodine, while 
the fecal and sweat loss aie also diminished The mci eased negative balance 
decreases, and eventually comes to lie within the noimal lange This may 
ensue as early as the sixth postopei ative day 

In conclusion, we wish to compaie the distui bed iodine metabolism of toxic 
nodular goitei with that of exophthalmic goiter This will be done bnefly, 
since it has been considered m extenso elsewheie 7 In both, the blood iodine 
is usually mci eased, howevei, in aveiage more so m exophthalmic goitei 4 
In both, the ui inary iodine is usually mci eased, howevei, moie so m toxic 
nodular goiter 5 Both piesent an increased fecal and sweat loss, gieatei m 
exophthalmic goitei (Table II) In both, the B M R is usually increased, to 
a higher range m exophthalmic goiter 

Toxic nodulai goiter is thus likewise chaiactenzed by an increased nega- 
tive iodine balance , 7 which is gi eater than that of exophthalmic goitei Too, 
this also i etui ns to a normal lange subsequent to an adequate thyioidectomy 
(Qiait 5 ) 7 

A summary of oui balance studies on ten patients 0, 7 is presented m Table 
II This reveals, by companson, the mci eased negative iodine balance of 
exophthalmic goitei c However, patients with toxic nodular goiter present 
an even gi eatei negative iodine balance , 7 due to a greatei ui mary exci etion 0 
Neveitheless, the excietion of iodine m the feces and sweat is gi eater m 
exophthalmic goiter 6 These findings have a dnect beaimg upon the com- 
pai ative diffeiences between these two foims of hyperthyroidism 
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CONCLUSIONS 

Exophthalmic goiter is characterized by an ma eased mobilisation of 
iodine This is revealed in the elevated blood iodine, and by the increased 
loss of iodine m the urine, feces and sweat As a consequence of this m- 
ci eased mobilization, iodine depletion ensues This is demonstrated by the 
decreased thyroid gland iodine and in the negative iodine balance, which is 
greatly increased over normal Exophthalmic goiter thus presents a profound 
disturbance of iodine metabolism 

There is a striking similarity between the disturbed iodine metabolism of 
hypeithyioidism and the distuibed calcium metabolism of hyperparathyroidism 
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Discussion — Dr Frank H Lahey (Boston, Mass ) This problem of 
iodine metabolism is a very interesting one and we have always been interested 
in Doctor Curtis’ investigations We have carried on some investigations dur- 
ing the past three years in association with Mr Perkin, a biochemist, and have 
learned some very interesting and valuable things 

When one realizes the variation in tissue iodine content, it becomes evident, 
at once, what an important part the thyroid plays m this iodine problem For 
instance, Mr Perkin has made iodine determinations of 10 Gm of wet tissue 
and when the 10 Gm of brain or any of the remainder of the tissue is approxi- 
mately 23 micrograms, not infrequently there will be 3,500 nncrograms 0 
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iodine m the thyroid That evidences what a pai t the tin roid plays in iodine 
metabolism 

We have tiled, for a long time, various methods of demonstrating circulat- 
ing thyi oxm, such as the effect of the serum of the patient with hj pei thj roid- 
lsm upon an electrocai diogram of the six, seven, eight or nine day chicken 
embryo heart, and we have never been able to demonstiate it We have been 
interested in blood iodine, of course, as a possible indicator of the amount of 
thyroxin m the blood stieam because 65 per cent of thyroxin is iodine The 
iodine fraction is sepaiable and when separated, thyioxm, of course, no longei 
elevates metabolism 

It has seemed to us, piobably 111 the beginning befoie we had some of 0111 
disappointments, that when a patient had a high blood iodine pieoperatively 
and low postoperatively, which correlates quite accurately with the basal 
metabolism, that this was probably evidence of the fact that blood iodine is 
circulating thyioxm, but we have found that 30 pei cent of our cases do not 
have a high preoperative and low postopeiative blood iodine They did al- 
ways, however, have a high pieoperative metabolism Thirty per cent of our 
cases have had a blood iodine preoperatively below normal or normal, which 
postoperatively went above normal and did not come back to normal for six 
months Then we found oui selves a little confused 

I would like to present on the othei hand, certain mterpi etations which 
have pi oven of great value to us I would be veiy much interested to heai 
from Doctor Curtis what happens to the urinary iodines m these patients who 
have low blood iodines in the presence of high metabolism 

We have coi related the basal metabolism and blood iodine preopei atively 
in no pi oven cases of hyperthyioidism, and have charted the course of both 
of these figures postoperatively at the end of three months and at the end of 
six months In these cases, the aveiage basal metabolism was plus 45 and 
the aveiage blood iodine 228 nnciogiams, normal in this region being 10 
miciogiams At the end of thiee months the basal metabolism had come to 
normal, the blood iodine to 10 micrograms, and at the end of six months the 
basal metabolism was at normal and the blood iodine 7 5 micrograms It is 
of interest m this group of cases, in which there is the typical preoperative 
elevation of blood iodine and return to normal cori elated with basal metab- 
olism, to note what the peicentage of lecurrent hyperthyioidism 111 this gioup 
is We aie particularly interested in this because by means of blood iodine 
we can, with quite definite certainty, establish 111 what cases recurrence is 
most likely to occur In this typical group with preoperatively elevated blood 
iodines, there is but one-half of 1 per cent recurrent hypei thyroidism This 
type of preoperative elevation of blood iodine correlated with basal metab- 
olism both pieoperatively and in postopeiative drop, represents 70 per cent 
of all the cases 

On the other hand, in 30 per cent of the cases, there is quite a different 
picture The preoperative metabolism is high but the preoperative blood 
iodine is not only not elevated, but is below normal At the end of three 
months the pieoperative metabolism has come to normal, but at this time the 
blood iodine, previously below noimal, has now risen to above normal At 
the end of six months the metabolism remains normal, and at that time the 
blood iodine has become noimal It is m this group of cases that one must 
look for the recurrent hyperthyroidism because 22 per cent of these cases 
show a recurrence of hyperthyroidism 

When one realizes that our incidence of recurrent hypei thyioidism has 
been but 3 per cent and that 22 per cent of this group show recurience, it is 
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obvious that it is in this group that veiy radical removals of the thyroid must 
be performed 

Theie is anothei interesting clinical obseivation m connection with the 
patients who have low blood iodines and high metabolisms, and that is that 
m the group having high metabolisms and high blood iodines, but 17 per cent 
1 equu ed multiple stages, while m the group having high metabolisms but low 
blood iodines, 45 pei cent required multiple stage opeiations It is, therefore, 
as impoitant to realize that not only does this atypical group represent the 
patients in whom recurrence is most likely to occur, but also the group in 
which moitahty is most likely to occur and in which cautious opeiative ap- 
proach must be undei taken 

Another interesting development which has been demonstiated by Mr 
Pei kin in connection with blood iodine is that if one makes a scatter chart of 
patients’ blood iodine m relation to the length of time which they have had 
the disease, it will be found that in a predominating majority of cases, the 
blood iodine will be elevated above normal when the disease has been present 
foi a yeai 01 less but as soon as the disease has been piesent for a year or 
more, a pi edominating majonty of the blood iodine determinations will be 
found to be below noimal This phenomenon is undoubtedly related to ex- 
haustion of the patient’s stoie of body iodine when the disease has existed a 
sufficient length of time 

As regards Doctor Smith’s papei, we think we will piobably always per- 
foim thyi oidectomy moie 01 less by uile of thumb It will never be possible, 
I believe, due to the anatomic vanations, the way the lobes go behind the 
trachea and in the gioove between the trachea and the esophagus, to make 
veiv accuiate decisions about the peicentage removed 

Theie aie some veiy valuable points, howevei, in this connection, that is, 
how much thyroid to remove in relation to the patient’s reaction to iodine 
Doctoi Cattell, some years ago, reduced 400 thyroids, surgically lemoved, to 
a powder and determined the milhgiams of iodine pei gram of dned gland, 
coi relating this with the histologic pictuie, that is, the degree of iodine involu- 
tion He found that 90 pei cent of the thyioid gland would involute and 
about 10 per cent would not He found that the veiy severe cases were those 
with small thyroids which were very vascular, veiy soft and did not involute 
You can tell pi etty well clinically which patient has involuted and which 
patient has not, and you can tell veiy definitely at the operating table which 
patient has involuted and which patient has not 

The patient whose thyioid gland has involuted undei iodine will develop 
firmness in the thyioid gland, and they will show a drop in metabolism, a 
gain in weight and a drop m pulse rate The patients who do not show an 
involution of their thyioid glands do not show these improvements, and at 
the operating table when you cut the thyioid gland across, the one that is in- 
voluted is pale, firm and nonvascular, the one that has not involuted is red, 
cellulai and vacular It is in the veiy small, led, vascular cellular gland that 
has not involuted that ladical removals must be peifoimed if one wishes to 
prevent recurrence of the hyperthyioidism , and it is in the glands that are 
pale, firm and nonvascular, and the patients who show marked diops in metab- 
olism, gam m weight, diop m pulse rate after the administration of Lugol s 
solution, that less radical removals of thyroid tissue need be performed 

Dr George M Curtis (closing) We have also observed low blood 
iodines m patients with exophthalmic goiter, however, our incidence is no 
so high as that which Doctor Lahey reports Too, we have noted a ow 
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urinai y excietion of iodine 111 certain patients with exophthalmic goitei 
That is also unusual , I should estimate less than 20 per cent 

Doctor Lahey’s “scatter chart” has shown a geneial deciease m the blood 
iodine as the disease progi esses On the basis of oui studies, a pait of 
which have been piesented heie, this might have been piedicted, since the 
increased mobilization of iodine 111 exophthalmic goiter eventually leads to 
iodine depletion The increased mobilization is shown 111 the increased blood 
iodine, and in the gi eater than normal iodine loss 111 the mine, feces and 
sweat The lesultant iodine depletion is demonstrated by the deci eased thy- 
roid gland iodine and particularly by the increased negative iodine balance 
Patients with exophthalmic goiter thus progressively deplete themselves of 
iodine m a similar manner as patients with hypeipaiathyioidism deplete them- 
selves of calcium 

If we could visualize the onset of exophthalmic goitei, it would appear to 
commence in a normal thyi oid gland with a normal iodine content Precisely 
what institutes the hyperplasia or what causes the alveoli progressively to lose 
colloid and consequently iodine, is not cleat Neveitheless, as the disease 
continues, depletion ensues and increases Since Baumann’s obseivations, in 
1895, it has been known that the iodine store of the diffuse hyperplastic goitei 
becomes diminished 

By hypothesis, the “scatter chart” appeals to piesent a similar stoiy of 
progi essive iodine depletion as reflected in the blood iodine We would 
expect a similar change 111 the unnai y excretion The severity of the disease 
and its duiation both modify the variable amount of iodine depletion If this 
is seveie and if resultant damage has followed, it may explain the tendency 
of patients with low blood iodines to have lecurrence 
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Infection of the mediastinum may originate from so many different 
sources and have such divergent manifestations that the term “mediastinitis” 
means little unless qualified by a descnption of its type and kind The process 
may range from a simple, nonsuppurative inflammation in association with 
pericarditis, bronchitis, influenza or pneumonia to a very grave, often lethal, 
diffuse suppurative phlegmon A cln omc variety is seen m tuberculosis which 
is sometimes called mediastinopericarditis Tuberculosis also involves the 
ti acheobronclual lymph nodes with occasional suppuration to form a tuber- 
culous mediastinal abscess These same nodes are infected in many upper 
respiratoiy infections, and should they suppurate, a pyogenic mediastinal ab- 
scess results This phase of the subject has recently been emphasized by 
Lei che 35 Pyogenic abscesses also follow invasion of the mediastinum from 
contiguous lung abscesses, empyema, cervical infection, spondylitis, perforat- 
ing wounds or retroperitoneal infection These abscesses usually develop 
slowly enough to allow time for diagnosis, localization and drainage They 
have been cured by spontaneous rupture into the trachea or esophagus, re- 
peated aspirations by needle puncture, doi sal mediastmotomy, sternal trephine 
01 cervical drainage In contrast, a mediastinal phlegmon spreading through 
so vital a spot may be quickly lethal unless stienuous effoits are undertaken 
foi its control This diffuse suppuration of the mediastinum may come from 
any of the sources causing localized abscess if the speed and magnitude of the 
contamination is sufficient , but the viscei al perforations of chest and neck are 
its commonest cause, and of these the cervical lesions are the most frequent 
The consideiation of diffuse suppurative mediastinitis might well begin with 
a study of infections in the neck that gravitate into the mediastinum This 
demands a knowledge of the fascial spaces connecting the two, for the infection 
travels along these and it is in them that the surgeon must intercept or dram 
it The spaces he between layers of the ceivical fascia, a structure that is so 
complex that if followed through all of its ramifications is apt to resemble a 
maze The subject may be greatly simplified by considering only that part 
of the cervical fascia and its spaces which significantly relates to the spread of 
infection For this purpose it is sufficient to deal with the viscerovascular 
compartment which contains the visceral space m the center and around it, 
the previsceral space, the retrovisceral space and the vascular sheath on either 
side 

The first experiments designed to study the compartments of the neck 
were undertaken by Bichat 2 But many years elapsed before an intensive 
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investigation by injection 
methods was made by 
Henke, 21 Komg and Rie- 
del, 27 Soltmann, 01 Poul- 
sen -54 and Schmitt 00 Dui - 
ing this period, fiom 1872 
to 1893, most of the essen- 
tial facts weie obtained 
about the cervical fascia, 
and the manner of depend- 
ent spread of infection 
along its spaces For no 
appaient reason, much of 
this information has not 
been referied to in the 
current literature and ref- 
erences to it are f 1 equently 
lacking Some years ago, 
personal interest 111 the 



matter led to anatomic and 
postmortem dissections in 
01 dei to study the paths of 
dependent spiead of ceivi- 
cal infection In doing 
these the ai tides of Mosher, 44 Fuistenberg 10 and 


Fig 1 — A longitudinal section to show the cervical spaces 
In front is the previsceral space which ends at the sternum and does 
not enter the mediastinum Next is the pretracheal space which 
convejs infection from tracheal and th>roid gland operations Be 
hind is the retrovisceral space the route traveled b> pus in 71 
per cent of cases of mediastinitis from cenical suppuration Note 
that the retropharjngeal space is not separated from it but is onlv 
its upper portion Numerals indicate the level of cross section 
for Figures 2 and 3 of the text 


Iglauer 


23 


were 


helpful 


Recently Coder and Yglesias 7 have leported anatomic studies on this subject 


Thxjroid. 



Fig 2 — A cross section at the le\el of the thjroid gland The visceral 
space including esophagus trachea and thyroid gland is a compartment sur 
rounded b> the pretracheal fascia in front and the buccopharvngeal fascia 
behind In its pretracheal portion is a true space Behind is the retrovisceral 
space Note its relation to the esophagus and cervical spine 
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The following summary is an attempt to appraise the facts obtained from 
the literature in the light of clinical obseivation and anatomic dissection 

The Viscerovascular Compartment — That pait of the neck occupied 
by the pharynx, larynx, tiachea, esophagus, thyroid and thymus glands, 
nerves and gieat vessels is often teimed the viscerovasculat compaitment It 

extends from the base 
of the skull to the me- 
diastinum where it ends 
by fusion of its fascial 
structuies about the bi- 
f ui cation of the tiachea, 
the aorta, innominate 
vein and pericardium 
The consideration of this 
ai ea as a compartment is 
for the purpose of orien- 
tation, since only in its 
subdivisions aie found 
actual or potential open 
spaces These are shown 
in longitudinal section in 
Figuie i, and in cross- 
section, at two levels, in 
Figuies2and3 Refei- 
ence to these figures will 
help to clarify the fol- 
lowing description 

Vised al Space — The 
ai ea bounded by the pre- 
tracheal fascia in front, the vascular sheath laterally, and the buccopharyngeal 
fascia behind, which contains the trachea, esophagus, thyroid gland and nerves, 
is called the visceral space It is more potential than real, even though its 
fascial envelope is one continuous layei The pietracheal fascia which forms its 
anterior boundary extends from the hyoid bone to the pericardium, splits to 
enclose the thyroid gland, then merges latei ally with the carotid sheath T be 
same layer is continued behind the pharynx and esophagus as the bucco- 
pharyngeal fascia 

In the anterior portion of this compartment, between the posterior leaf of 
the pretracheal fascia and the trachea, is a free space, often called the pre- 
tracheal space, which extends from the larynx to the bifurcation of the trachea 
It has no connection with the spaces in the floor of the mouth 01 those about 
the pharynx, so does not convey infection fiom them The pretracheal space 
is usually open during the course of a thyroidectomy, and should infection fol- 
low the operation, it may gravitate into the mediastinum tin ough this channel 
In oerfoimmg a tracheotomy the space would seem to be contaminated, )Tt 
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\ertebra The retrovisceral space is in close relation to the 
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mediastmitis fiom this souice laiely occuis Perfoiatmg rounds of the 
larynx and trachea 01 opeiations upon these structmes may open and con- 
taminate the pretracheal space, with lesultant giavitation of infection into the 
chest 

In Figures i and 3 it is seen that the mediastinal poition of the pietracheal 
space lies behind the great vessels between the aich of the aoita and the tiachea 
It is appaient that a suigical approach thiough the sternum would be difficult 
because of the intei position of these vessels The appioach through the neck 
entering the space 111 the suprasternal notch, below the thyioid isthmus, pei- 
nuts its drainage with the least manipulation Should the mediastmitis follow 
thyi oidectomy, tiacheotomy 01 other operative pioceduies in this legion, then 
immediate opening of the wound for di amage should be done 

Infection in the visceial space outside of its pietiacheal compai tment raiely 
leads to mediastmitis The fibrous attachments about the vascular sheath, 
between trachea and esophagus and between the buccopharyngeal fascia and 
esophagus impede giavitation of the infection The usual result is a localized 
abscess This is most often seen in peifoiations of the antenoi 01 lateial walls 
of the esophagus wheie, instead of a diffuse spieadmg infection, one finds a 
localized suppuration requiring only di amage for cure 

The Pievxscaal Space — This compartment is familial to suigeons as 
the space used in freeing the thyroid gland at opeiation It lies beneath the 
stiap muscles and 111 fiont of the pietiacheal fascia and thyioid gland, extend- 
ing fiom the attachment of the sternothyroideus on the thyioid caitilage and 
trachea down to the manubrium Furstenberg 10 has emphasized the impor- 
tance of a process of the pietiacheal fascia which attaches to the posterioi 
sui face of the sternum and effectively blocks the lowei end of the pievisceral 
space This important attachment prevents infection fiom leaching the 
mediastinum 

Carotid Sheath — Theie is a diffeience of opinion as to the impoitance of 
this structuie in conveying infection into the mediastinum, for on the one 
hand Mosher 44 says “the carotid sheath is the natuial highway for pus 
and for the surgeon in puisuit of pus”, while Parsons 51 does not think the 
sheath exists until it is “manufactured with the scalpel ” It is irnmate- 
lial whethei the pus is consideied to lun down a closed sheath or to burrow 
along the loose aieolai tissue beside the vessels, foi m either event the vessels 
act as a guide for its descent The infection may arise fiom a suppurative 
adenitis of the deep chain of lymphatics m this legion or fiom a suppurative 
thrombophlebitis of the internal jugulai vein An equally important souice 
is fiom inflammation m the paiaphaiyngeal space, a triangular cone-shaped 
compai tment with its base at the skull and its apex ending ai ound the carotid 
artery (Fig 4) This space may be contaminated from a needle puncture 111 
pei forming a tonsillectomy undei local anesthesia, or tooth exti action with 
neive block, 01 it may be invaded fiom a dental abscess m the second or third 
molai From Figuie 5 it is apparent how a parotid, pei itonsillar 01 retro- 
phaiyngeal abscess may ruptuie into it Any of these causes of paraphai yngeal 
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Tig 4 — The parapharyngeal space seen from the outside The fused fascia 
is left in front to separate it from the submaxillar) space The parotid gland 
is turned back in this dissection for exposure This could not he done so rudely 
at operation without facial nerre injury The parapharyngeal space extends 
up behind the angle of the jaw and ends below around the carotid artery 


Pa.raph.arqn^’eal apace 

f RetroviacereJ space 



Int Ptercj^oidM 


Tig 5 — The parapharyngeal space ma> be invaded from a tonsillar parotid 
or retropharj ngeal infection Pus from this sf'ice ma> trick down the carotid sheath 
or rupture into the retrov isceral space to involve the mediastinum (This figure is 
reprinted through the courtesv of the Journal of the Missouri State Medical 'as 
sociation ) 
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space infection maj result m mecliastinitis by gravitation of pus down along 
the great vessels Should this occur, warning is given by a rise m tempera- 
ture and pulse and by tenderness m the neck 

Another partway from the parapharyngeal space to the mediastinum is 
by rupture into the retrovisceral space When this occurs it may be difficult 
to detect, as w'as learned to our soriow f m one patient with peritonsillai , 
parapharyngeal infection who developed mediastimtis without showing an) 
signs in the neck 

Gravitation of pus along the carotid sheath to invade the mediastinum may 
occui very laiely m Ludwng’s angina This infection involves the subhngual- 
submaxillary space (Fig 6) wdnch is closed so completely by muscle or fascia 


Ph&rqnx 
PdrdphaLryanfeal space 


Submeofill 
Sd-llVdrq 
s*lenad. 1 


Mandible 


Epiglottis 
Fused fascia 



Mijlolvqoid M 


Tig 6 — The sublingual submaxillar} space which is imohed in 
Ludwigs angina, is shown bj a section through the mouth with the 
tongue remo\ed It is separated from the paraplnrj ngeal space behind 
bj the fused fascia which must be eroded through before the infection 
can graaitate down the neck bj this channel 


that no piefoimed avenue of escape exists In late, neglected cases the fused 
fascia may be eioded, allowing diamage of pus into the parapharyngeal space 
and so down the great vessels oi, as was shown by Poulsen,’"' 4 the infection 
may lupture out along the facial vessels and follow r them to the carotid sheath 
Both of these possibilities aie 1 emote, and m Ludwug’s angina the toxemia from 
infection or lespiratoiy obstruction is more to he feared than mediastimtis 
Ret) ovtscc i al Space — The space behind the pharynx and esophagus is the 
most impoitant higlway of communication between the neck and chest, for it 
is the route traveled hv infection in 70 pei cent of the cases It is hounded 
by the buccophan ngeal fascia m fiont, the prevertebral fascia behind, and the 
carotid sheaths latei ally , and extends from the base of the skull to the bifurca- 
tion of the trachea Its low r er limit is usually at the le\el of the sixth dorsal 
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veitebra, wheie it is closed by the fibious tissue about the tracheal bifurca- 
tion Below this obliteiated point the space continues to the diaphiagm, but 
this part is not involved in ceivical infection The thin layei of the hucco- 
phaiyngeal fascia is the only stiuctuie separating the phaiynx and esophagus 
from this cavity, theiefore, perforation of the postenor wall of these viscera 
pel nuts dnect contamination of the space This initiates a most rapidly pro- 
giessive fonn of mediastmitis, for lepeated swallowing foices food, fluid, an 
and bactena through the peifoiation, which mechanically distends the retro- 

visceral space fiom top to bottom In 
a mattei of hours, it may be filled with 
infected material The extravasated 
an can be demolish ated 1 oentgenolog- 
lcally, as is shown in Figuie 7, which 
is a lateral roentgenogram of the neck 
m a patient with an esophageal per- 
foi ation 

The retrovisceial space may also 
be contaminated by an osteomyelitis 01 
tubeiculosis of the cervical vertebrae, 
in which the infection has eroded 
thiough the preveitebial fascia It 
has been stated that pus in the paia- 
phai yngeal space occasionally ruptures 
into the 1 eti ovisceral space lathei than 
following its usual course down the 
eaiotid sheath Another cause of in- 
volvement is fiom gravitation of a 
1 eti ophai yngeal abscess The retro- 
phai yngeal space is only the upper part 
of the longer 1 etrovisceral compart- 
At first glance, one might wonder why 
1 eti opharyngeal abscesses remain so localized in this free space, but when it is 
lecalled that they begin as a suppuiative lymphadenitis, it is apparent that the 
slow development of the inflammation allows it to seal off from the lower 
part (Fig 8) Should this obstiuction weaken, there is nothing to prevent 
the infection fiom sinking into the mediastinum 

Incidence or Suppurative Mediastinitis — The foregoing discussion 
deals with those cervical infections that may cause mediastmitis and the paths 
they may take to get into the chest The question arises, how frequently 
does this happen? Haie 1G states that In 520 cases of mediastinal lesions, 
consisting of benign 01 malignant tumors, lymphomata, cysts and infections, 
there were 78 cases of pyogenic suppm ation The majority were from trau- 
matic wounds penetrating the chest 01 from intrathoiacic suppuration and 
only 17 came fiom the descent of ceivical infection Using these statistics 
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Tig 7 — The letronsceral space is defined b> 
nr which has escaped into it through a perfora 
tion of the esophagus The upper arrow shows the 
retropharyngeal part of the ca\it> while the lowei 
arrow points to a diffuse emphysema in the space 

ment and has no ti ue separation fiom it 
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as criteria, we find that pyogenic suppuiation causes 15 pel cent of mediastinal 
lesions, and that 22 per cent of these infections gra\itated fiom the neck 
The question next arises as to what cervical infections are most apt to 
pioduce mediastimtis and what is the lelative incidence of each m its causa- 
tion In an attempt to answer this, no cases of suppui alive mediastimtis 
following infection of the neck have been studied , of these, 99 w r ere obtained 
from the literature'*' and n fiom peisonal experience They are grouped 111 
order of relative frequency 111 Table I 



The data in Table I may be regiouped to show' the relative impoitance of 
the different paths of spiead of pus fiom the neck to the chest The retio- 
visceial space conveys infection from perforation of the esophagus, ictro- 
pharyngeal abscess and spondylitis of the ceivical spme The carotid sheath 
conducts it m most instances of suppurative lymphadenitis, peritonsillar ab- 
scess and Ludwug’s angina The pietiacheal space is the course followed m 
infection aftei tiacheotomy or thyroidectomy Listed in this way w r e find 
them involved as follows Retroviscei al space 78 cases, or 71 per cent, 

* All pertinent articles listed under mediastinum m Quarter!} Cumulate e Index 
Medicus were searched for cases It is probable that this list is incomplete, since some 
ma\ ha\c been published under titles that would not be filled under this classification 
Ihe total number is small but perhaps is sufficient to indicate trends 
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caiotid sheath 23 cases, or 21 per cent, pretracheal space 9 cases, or 8 
per cent 

Table I 

IIO CASES or SUPPURATIVr MEDIASTIN1TIS 





Operative Result 

Nonoperative Result 


No of 






Etiologic Factor 

Cases 

Per Cent 

Recovery 

Death 

Recovery 

Death 

Perforation cervical 







esophagus 

64 

58 1 

24 

9 

4 

27 

Suppurative cervical lym- 







phadenitis 

13 

11 8 

7 

6 



Retropharyngeal abscess 

11 

10 

6 

3 

1 

1 

Peritonsillar abscess 

8 

7 2 

2 

2 


4 

Tracheotomy 

6 

5 5 

r 

I 

1 

3 

Spondylitis cervical spine 

3 

2 8 

2 



1 

Postoperative thyroidec- 







tomy 

3 

2 8 

1 

2 



Ludwig’s angina 

2 

1 8 

1 

1 



Total 

1 10 


44 

24 

6 

36 


I11 a majonty of the cases studied the infection came from perforation of 
the cervical esophagus Neuhof, 47 in a report on mediastinal suppuration 
from both ceivical and thoracic sources, found perforation of the esophagus 
the cause in “almost 50 per cent of the cases ” This viscus may be penetrated 
by external tiaumatic or surgical wounds, or perforated from within by 
foreign bodies, bougies, an esophagoscope, 01 eroded by tumors The author 
and Doctor Heatly, 18 in a study on the management of esophageal perfora- 
tion, decided that immediate external operation is the treatment of choice in 
ordei to prevent the occurrence of mediastinal infection and the consequent 
necessity for its drainage This view is strengthened by the results of treat- 
ment of suppurative mediastimtis shown m Table I In the 64 cases of pei- 
foration of the cervical esophagus, 33 received early operation with nine 
deaths, a mortality of 27 per cent, while 111 the 31 cases not operated upon, 
27 died, a mortality of 87 per cent 

The Prevention or Mediastinitis — The mediastimtis which follows 
cervical suppuiation results from a dependent spread of infection along the 
fascial planes If this gravitation of pus could be blocked, the chest infection 
would be prevented Reasoning along these lines, von Hackei 15 proposed a 
prophylactic operation for packing the spaces in the neck This procedure 
was popularized by Marschik, 39 and has been descnbed by Palmer’ 0 and 
Glogau 13 111 this country Recognition of the importance of the retrovisceral 
space as a path for the descent of pus led to the development of an operation 
to block it 52 These procedures seek to erect a transverse barrier of adhesions 
across the fascial spaces that connect the neck with the chest They are in- 
dicated m the traumatic visceial perforations, especially of the esophagus 
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where the progress of the infection is very rapid Here, e\en if the surgeon 
is too late to interrupt the giavitation, he can dram the space and, b> releas- 
ing tension, pre\ent extension to the chest 

There is much less indication for prophylactic block of the fascial spaces 
in the absence of rapidly spreading infection from a visceral perforation 
Most suppurations m the submaxillary-submental, parapharj ngeal and letro- 
pharyngeal spaces or in the carotid sheath are best attacked directly and 
drained If the pus has descended m the neck, it will have done so slowh 
and should be released without destroying the inflammator) adhesions below 
it Dissemination of infection might w r ell follow an attempt to do moie than 
this 

Management or Mediastinitis — Theie is every leason to believe that 
suppuration in the mediastinum should be attacked suigically and diamed just 
as infection in a moie accessible location would be This principle is applicable 
mespective of the source of the pus In the no infections which came fiom 
the neck, 68 w r ere opeiated upon with 24 deaths, a mortality of 35 pei cent, 
m contrast to an 85 per cent mortality when opeiation v'as not perfoimed 
The drainage w ? as accomplished through the esophagoscope m 13, the chest 
w r all 111 14 and the neck in 41 There is some conti oversy among endoscopists 
as to whether infection should be drained thiough the endoscope or by ex- 
ternal incision It is piobable that the endoscopic approach should be limited 
to the evacuation of a localized abscess that impinges on the esophagus 01 
piesents behind the phaiynx 

Incision thiough the chest w^all may be by the anterior or poslerioi ap- 
pioach The formei is lately necessary for drainage of infection but the 
postenor loute is useful The technic of doisal mediastmotomy is described 
by Lihenthal,* 0 while its historical background is given by Gaudiam 32 It is 
the operation of choice in draining suppuration below the level of the sixth 
doisal vertelna, and is often advisable 111 evacuating chronic abscesses of the 
postenor mediastinum at any level m order to collapse their w^alls It is a 
moie formidable procedure than the operation through the neck, wduch should 
be used whenever possible 

Ceivical mediastmotom)' w'as descnbed by von Hacker, 35 though Lurman 17 
leporled, in 1876, diamage of a mediastinal abscess that presented in the neck 
This operation is the logical approach for drainage of mediastinitis above the 
level of the sixth dorsal veitebra That wdnch ongmates fiom ceivical infec- 
tion falls m this categoiy and should be so tieated, foi as Furstenberg 10 states 
“To diam an infection through the tissues which it has invaded, is, I believe, 
a suigical axiom ” It has the advantage of allowing direct inspection of the 
extent and location of the suppuiation 

The incision m the neck is usually made parallel to the lower, medial 
bolder of the sternocleidomastoid muscle, though it maj be placed trans\ersel\ 
to follow the skm folds The sternocleidomastoid is retracted and the fascia 
lateial to the sternotln roid muscle is divided to expose the carotid sheath and 
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thyroid gland The lateral, and perhaps the mfenor thyroid, veins aie ligated 
and divided This allows lateral letraction of the vessels and medial displace- 
ment of the thyioid gland, m older to expose the trachea and esophagus If 
a short mfenoi thyroid artery pi events this, it is ligated and divided At this 
stage the carotid sheath and pretracheal space may be inspected, hut if unm- 
volved, they aie not opened and the dissection is carried behind the esophagus 
This opens the 1 eti oviscei al space as is shown m Figure 9 If pus is encoun- 



Fig 9 — Looking down into the posterior mediastinum through the retro 
visceral space, as it is seen at operation Orientation is easier if the drawing 
is turned so the head is up The thyroid gland, trachea and esophagus hare 
been retracted mesially, while the carotid artery, jugular vein and sternocleido 
mastoid muscle are displaced laterally This exposure permits \isual mspec 
tion of the space 

teied, it is aspirated and diams aie placed to the bottom of the cavity Some 
surgeons prefei the approach behind the sternocleidomastoid muscle, but dan- 
ger of nerve injury is greatei in this location The important factoi is to 
obtain dn ect drainage, for failure to do this may allow pocketing and residual 
abscess formation If the infection has dependent pockets on either side of 
the midline, they should be drained through separate incisions on the corre- 
sponding sides of the neck A dram crossing the midline is pinched between 
the spine and the esophagus and causes obsti uction to the drainage and abscess 
formation as is illustrated in Case 1 
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Case i — Hosp No 85308 A female, age 45, "as seen 30 hours after an instrumental 
perforation of the esophagus The pam, swelling and empln scma were most marked 
on the left side of the neck, so the incision was made there But it was found that 
dependent pockets w'ere present m the mediastinum on both sides, that on the right being 
the deeper of the two The patient's condition was \ery poor, so drains were inserted 
into both of these cavities and brought out through the incision on the left side The 
plan was to perform a second operation on the right side but the patient was too ill to 
warrant this procedure She was comatose and aroused only in delirium The tempera- 



Tic 10 — Cnse 1 Residual mediastinal abscess three months after an 
acute mediastimtis from esophageal perforation The location m the \ ertieal 
pi me !•> shown 111 (a), and in horizontal section in (b) The pinching ot 
the tract between the spine and esophagus is shown in (c) This caused in 
complete drainage of the suppuration and allowed the abscess to persist 

ture, pulse and respiration w'ere sustained at a high lea el Cyanosis was so matked that 
an o\agen tent was required constantly Subcutaneous saline, mtraaenous glucose, and 
transfusions were administered, to maintain the fluid balance, while a gastrostomy was 
performed for feeding For nine days she held on to life b\ a narrow margin and then 
improved rapidly The fe\cr subsided, mental clarity and physical strength returned and 
she appeared to be on the road to reco\ery F Whereas, before she was too sick to dram 
through the right side, it was now thought that she was too well to need it This was 
wrong, for drainage persisted Injection of the tract showed a residual abscess in the 
mediastinum Prolonged attempts were made to dram this by suction through a catheter, 
hut the abscess persisted Fmalh three months after the operation for the mediastimtis 
the abscess was drained through the right side of the neck The patient died six da\s 
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after operation of bronchopneumonia, having survived the acute phase of her illness but 
succumbing to one of its sequelae 

Autopsy revealed a thick-walled abscess cavity, free of pus, situated m the right 
posterior mediastinum at the level of the aortic arch (Fig io) The old drainage tract 
was compressed between the vertebra and esophagus The left side of the mediastinum 
which had received direct drainage was completely healed 

It may be, that it is always more advisable to dram through an incision 
on the right side, but now aftei the experience in Case I, if bilateral pockets 
are found to exist, both sides of the neck are opened The exploratory 
incision should be made on the right side, as anatomic relations make this 
pieferable 



Fig ii — Cuse 2 (A) The arrows point to 1 residual abscess which has formed during recoierj 

from acute mediastinitis The pleural edema at the right base is still piesent (B) The abscess lias 
been drained and the chest is c'ear 


The postopei ative care of patients with mediastinitis is impoitant, foi they 
are sick and need much suppoitive treatment Immediately after operation 
they should be placed in the Trendelenbuig position and kept there until the 
diamage diminishes or ceases, as otheiwise the pus will not lun out of the 
dependent pocket This position becomes tiresome, hut if not maintained may 
lead to a residual abscess, as happened in Case 2 


Case 2 — Hosp No 56324 A female, age 20, lacerated the cervical esophagus with 
a clam shell She was operated upon 48 hours after the perforation Pus was found in 
the posterior mediastinum Drainage was established through the incision on the right 
side of the neck A gastrostomy was performed the following day for feeding Fluids 
were forced by subcutaneous and intravenous infusions She ran a septic type of tem- 
perature, pulse and respiration for one week and then, as these were subsiding, the head 
of the bed was elevated slightly Following this the drainage diminished, and the septic 
phenomena returned A residual mediastinal abscess (Fig 11) was demonstratec 
the 13th postoperative day, which was drained by inserting a catheter into it 
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through the wound in the neck She was returned to the Trendelenburg position which, 
combined with aspiration and irrigation through the catheter, resulted m the evacuation 
of much pus Her septic course prompt!} subsided Drainage ceased at the end 
of two weeks, and the catheter and gastrostom} tube were removed, feeding bv mouth 
was resumed, and the wound in the neck was allowed to heal Recoverv was uneventful 

This case illustrates the necessity of keeping the patient’s head down, m 
order to provide dependent drainage until the discharge diminishes or ceases 

The mediastmitis which comes from perforation of the pharynx or esoph- 
agus may be complicated by the feeding problem The swallowing of fluids 
or food, m the presence of an opening m the tract, allows additional extiavasa- 
tion and contamination and should be eliminated Absolute rest of the 
esophagus is impossible, for patients will alwa>s swallow some saliva Rela- 
tive inactivity, however, may be accomplished b) employing an indwelling 
stomach catheter or establishing a gastrostomy The tube feeding would ap- 
pear to be the simpler, but it has been tried lepeatedly and found to be less 
satisfactory than a gastrostomy Artificial feeding is continued until drain- 
age from the mediastinum stops, then liquids and soft solids are tried by 
mouth before removing the gasti ostomy tube Should an esophageal fistula 
be suspected, a drink of dilute methylene blue solution will confiun its pres- 
ence by its appearance on the dressings of the wound m the neck No difficulty 
has been experienced with persistent fistula or stricture formation m these 
traumatic peiforations of the esophagus 

The maintenance of an adequate fluid balance is accomplished by the 
administration of Ringer’s solution or glucose given subcutaneously, intra- 
venously 01 by rectum Blood transfusion is administered when indicated by 
the presence of anemia or depletion of setum protein, for either of these maj 
occur m patients who are receiving a low protein intake m the piesence of a 
suppurative infection Another measure of value is the liberal use of oxygen 
in the immediate poslopeiative period, as cyanosis is often present m suppura- 
tion of the mediastinum Some patients show' clouding of the lung fields on 
loentgenologic examination of the chest This is not ordinarily accompanied 
by signs of pneumonia and has been attributed to pleural edema The intimate 
relation of the pleura and fascial spaces, especially the retrovisceral space, is 
showm in Figure 3 The pleural reaction with edema varies fiom a minor 
degree of thickening to a frank pleurisy and the production of stenle, straw- 
colored fluid Repeated examinations have never revealed infection of this 
exudate and it cleais up rapidly with subsidence of the mediastmitis 

lhe use of the procedures described may be followed by prompt healing 
if all the factors are favorable However, m spite of diligent care, some un- 
favorable circumstances may delay recovery and lead to a protracted con- 
valescence This is well illustrated in Cases 3 and 4, which are presented for 
conti a st 

Case 3 — Hosp No 83591 \ married woman, age 21, m normal good health, swal- 

lowed a fragment of a toothpick which lodged m the cervical esophagus The foreign 
bodv was removed without difficult v through the esophagoscope bv Doctor Heath 7 hc 
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sharp point, however, was so firmly embedded in the posterior wall that perforation was 
feared This was confirmed by the onset of progressive dysphagia, pain, tenderness and 
emphysema of the neck, fever and leukocytosis of 29,000, during the following 24 hours 
Cervical mediastinotomy was performed through an approach in the right side of the 
neck, and a fulminating Streptococcus mediastimtis was drained 

Postoperative treatment was given as described except that oxygen was not needed 
and the establishment of a gastrostomy was delayed, since it was thought to be unneces- 
sary with such a minute perforation However, on the fifth postoperative day, the pres- 
ence of material on the dressing, resembling orange juice, led to a methylene blue test 
which revealed a fistula Fluids By mouth were stopped and a gastrostomy was per- 
formed The temperature and pulse reached normal on the ninth day, the drainage 
diminished and finally ceased on the seventeenth day, and feeding by mouth was resumed 
Uninterrupted convalescence followed (Fig 12B) 



Fig 12 — (A) Showing the condition, two days after onset, of a suppurative mediastinal infection 
from esophageal perforation (B) The appearance of the chest, ten davs later after it had subsided 


This iapid tecoveiy fiom a vnulent infection was no doubt greatly helped 
by the robust health of this young woman That the debilitating effect of age 
and the complication of other disease processes may mitigate against recovery 
01 delay convalescence is well illustiated m Case 4 

Case 4 — Hosp No 114,220 A frail woman, age 67, with generalized arteriosclerosis, 

arteriosclerotic heart disease and cholelithiasis, was admitted for digestive complaints 
arising from an esophageal diverticulum Diagnostic esophagoscopy was carried to the 
opening of the sac but no further After eating her lunch that day, she developed a chi , 
fever, leukocytosis, dysphagia, pain, and tenderness , emphysema in the neck soon appeare 
A perforation of the esophagus was evident Operation was performed eight hours a ter 
the onset of her first symptom, yet it was found that the retrovisceral space was distendc 
throughout its length with a foul, bloody, purulent fluid containing food particles 
was aspirated out and drains placed to the bottom of the mediastinal cavity She vas 
placed in an oxygen tent in Trendelenburg position, fluids and blood were gnen 
gastrostomy established The temperature, pulse and respiration remained elevate 
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25 dajs, with persistence of drainage from the wound and fistula m the tsophaeus The 
latter was probabh continued b\ the partial obstruction from the dnerticulum Just after 
her septic phenomena had returned to normal, the} rose again in association with right 
upper quadrant abdominal pain and jaundice (icteric index 50) A diagnosis of com- 
mon duct stone was made Fortunate!} the stone was passed, and the jaundice gradual!} 
cleared up during the following nine da}S After draining profusel} for 40 da}s, the 
mediastinal infection began to subside and cleared completeh during the next two weeks 
(Fig 13B) 

In this patient, the debilitating effect of age with its degenet atne disotdeis 
and the complications of the cholelithiasis and esophageal diverticulum mate- 
nally retarded ieco\eiy 


• * w ID v' 



Tic 13 — C ise 4 In (A) an cstensne mcdnstimtis is shown it us wor'-t while 111 (U) the process 

Ins cleired 


Mediastinitis fiom cervical sources othei than visceial peiforation is apt 
to be slowei m its ptogiess and less lethal m its effect Pus which originates 
about the mouth 01 high m the neck, secondary to infection in these regions, 
tiacks down along the fascial spaces slowly enough to gi\e warning It is 
often accompanied by an inflammatory leaction m the fascial spaces which 
pioduces a battier to the gravitation of the pus Caie should be used not to 
bieak down this bainei at operation, foi if it is pieserved lecovery will be 
piompt, as is well illustrated m Case 5 

Case 5 — Hosp Xo 105,448 \ robust male, age 17, was admitted with an infection 

behind the angle of the right mandible, which followed a cold and sore throat two weeks 
prcMOush The swelling m the neck was associated with temperature of 40° C, chills, 
dispnea, disphagia and mabiliti to open the mouth It was drained In the resident 
surgeon, under the impression that it was a submaxillar; space abscess, but m retrospect 
a paraphan ngeal space imohement mai base been present Four dais after this opera- 
tion lie had a rise m TPR and complained of tenderness low m the riclit side of the 
neck Operation was adused for descending cerncal infection Thick, }cllow pus was 
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found tracking down mesially to the carotid artery This showed Sti cptococctis hemo- 
lyticus on culture The cavity extended to the upper part of the mediastinum which was 
sealed off by inflammatory adhesions Care was used not to break these down in estab- 
lishing drainage, and he recovered without further difficulty 

Discussion — It would appear that suppurative mediastimtis from de- 
scending cervical infection is not always a hopeless condition but is amenable 
to cuie if energetic measures are taken to treat it This requires familiarity 
with the anatomic arrangement of the ceivical fascia, and its spaces, that 
connect the neck and chest, in order to execute the surgical procedures that 
are necessary Persistence m postopeiative treatment is most essential 

Anatomic division of the mediastinum by theoretic planes for descriptive 
purposes is not of much clinical value Assistance in the solution of practical 
problems might be gained from dividing the region into four compartments 
by two planes the first, a vertical line, would follow the tiachea to create the 
anterior and postenor portions, the second, or horizontal plane, would be at 
the tracheal bifurcation or about at the level of the sixth dorsal vertebra This 
would place the heart and pericaidium in the lower anterior quadrant, while 
the thymus, pretracheal space, substernal thyroid gland, and aberrant para- 
thyroid tumors would be in the upper anterioi quadrant The posterior por- 
tion would contain the esophagus and retrovisceral space, the latter divided 
into its upper and lower portions From the standpoint of treating suppura- 
tive mediastimtis, this concept is useful, foi anatomic barriers limit the infec- 
tion to these four segments 


SUMMARY 

( 1 ) Gravitation of pus f 1 om the neck causes only one-fifth of the cases of 
suppurative mediastimtis , in this group, however are found many of the more 
dangerous infections from visceral perforation 

(2) The paths of dependent spread along the cervical fascial spaces are 
described It is found that the suppuration followed the retrovisceral space m 
71 per cent, the carotid sheath m 21 per cent, and the pretracheal space in 
8 per cent of the cases 

(3) The operative procedures for the prevention and treatment of this 
type of mediastimtis are discussed Operation is indicated, as with surgical 
intervention the mortality is 35 per cent as contrasted with 85 per cent when 
it is not performed 

(4) Cases of suppurative mediastimtis are presented to illustrate the 
methods of management of this disorder 

The author’s appreciation is expressed to Dr Clyde A Heatly, for having made the 
esophagoscopic examinations, and to Dr Joseph H Green, for his roentgenologic work, 
in the cases reported in this series 
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Discussion — Dr Edward D Churchill (Boston, Mass) Perfora- 
tion of the esophagus by foieign body, or as a lesult of instrumentation, is as 
urgent a surgical emergency as a perforated abdominal viscus The flora of 
the lumen of the esophagus is as virulent as that of the large bowel The 
proper tieatment of perforation of the cervical and upper thoracic esophagus 
is immediate operation by the cervical approach Operation should not be 
delayed for the development of signs of local inflammation or roentgenologic 
evidence of air 111 the tissues 

Unfortunately, perforation of the esophagus frequently occurs as one of 
the tragedies of modern medicine — a dangerous and possibly fatal complica- 
tion of a diagnostic proceduie A peif oration of the esophagus by instru- 
mentation must be handled like a perforation of any other viscus If a sur- 
geon is so unfortunate as to perforate the sigmoid with the endoscope, he 
knows what he must face and what he must do Endoscopists must realize 
that if they find a perfoiation from a foreign body or if they aie unfor- 
tunate enough actually to perforate the esophagus with their mstiument, 
proper treatment must be carried out immediately 

I have used the method employed by Doctor Pearse, m an elderly patient 
with a chicken bone perforation, demonstiated by esophagoscopy She was 
diabetic, and operation was performed within 15 hours of the perfoiation 
Theie was already foul-smellmg, thm pus m the reti ovisceral space Recovery 
followed 

The virtues of posterior mediastmotomy m approaching abscesses of the 
retrovisceral space must not be overlooked, and while the cervical approach, 
as Doctor Pearse has shown, is the method of election m perforations of the 
cei vical esophagus and perhaps the uppei mediastinal portion of the esophagus, 
there will be an occasional case where posterior mediastmotomy should be 
employed I have perfoimed this twice, and one of the two patients recovered 
A problem that Doctor Pearse did not touch upon, but concerning which 
we would like information, is the handling of perforations of the esophagus 
that occur below the level of the bifurcation of the trachea After infection 
occurs, the treatment is obvious, but should immediate mediastmotomy be 
advised if the case is seen eaily ? Usually such a case is seen only after an 
empyema has developed secondary to a mediastmitis 

Doctor Peaise brings out the problem of feeding, and states that he per- 
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foims a gastrostomy in many instances Personally, I have employed a 
gastric tube which is inserted on the operating table, while a finger can be 
kept in the incision, and the tube guided past the point of perforation 

There is one other quite rare route for extension of cervical infection 
into the thorax Suppuration arising from cervical lymphangitis in the region 
of the juncture of the great veins just at the thoracic inlet may, instead of 
descending medially into the mediastma, descend laterally, dissecting the 
parietal pleura from the endothoiacic fascia and present in the axilla, simu- 
lating an empyema 

Dr Martin B Tinker (Ithaca, NY) I would like to compliment 
Doctor Peaise on bringing before this Association this very dangerous and 
rather difficult complication which is likely to occur to any of us, particularly 
those who do much surgery in the neck 

A condition which has come to my notice was not mentioned Extension 
down the jugular vein of infection m thrombosis of the lateral sinus Another 
case had a perforation of the esophagus by an oyster shell, which caused 
extensive infection, and two cases of neglected suppurative thyroiditis re- 
sulted m a serious descending infection It is unbelievable how rapidly these 
infections develop in some instances 

Dr Howard Lilienthal (New York, NY) This is a matter which, as 
a thoracic surgeon, has interested me tremendously I have written a little 
about it and you will find some points which have been brought out by this 
excellent paper of Doctor Pearse’s in a book that I 1 wrote, which appeared 
13 years ago 

Although I have discussed this repeatedly since that time, it appears to 
me that surgeons in general are afiaid of the mediastinum I believe that if 
there is a history which points to the possibility of this complication, it is 
bettei not to wait, particularly when the patient is very ill Posterior medias- 
tmotomy is not nearly as dangerous as many seem to believe If no infec- 
tion happens to be encountered, there is, with proper precautions, almost no 
likelihood that it will become infected from the exploration Posterior 
mediastmotomy affords an excellent exposure 

I would emphasize one or two points in regard to this form of explora- 
tion (1) If there is a history of endoscopy, especially of the esophagus, one 
should early suspect involvement of the mediastinum, and one should not 
fear mediastmotomy by the posterior approach If the suspected lesion is in 
the lower part of the esophagus, exploration is just as necessary as when it 
is m the part with which Doctor Pearse’s paper especially deals 

Gunshot wounds may also infect the mediastinum, posterior or anterior, 
and even operations for goiter have been known to be followed by this com- 
plication, although I myself have seen only one I agree with the speaker 
about the importance of inverting the patient, but in some instances where 
this is difficult, a multi fenestrated tube placed through the upper wound into 
the space and equipped with a suction apparatus will he effective This will 
often make a secondary procedure unnecessary It should also be borne m 
mind that in the lower third of the chest the right pleura often, in fact usually, 
extends over the midline into the left Therefore, in opening the lower part 
of the mediastinum, especially on the left side, beware of the overlapping 
right pleura, or there may be a fatal infection of both cavities 

Another useful function, if one may so denominate it, of posterior medias- 
tinotomy is the opening of certain lung abscesses which point here I have 
done this several times 
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Finally, I would *uige that the possibility of suppurative mediastimtis 
should be borne m mind, even though loentgenologic examination does not 
reveal it 

REFERENCE 

1 Lilienthal, Howard Thoracic Surgery, Saunders, 1925 

Dr John Alexander (Ann Arbor, Mich ) May I offer, as a corollary 
to Doctor Pearse’s presentation, a suggestion as to the choice between cervical 
drainage and thoracic drainage of these abscesses 7 I have used both ap- 
proaches and have been satisfied with both, but I feel one should choose the 
approach according to the case May I suggest that m those which aie 
operated upon quite early after the beginning of the infection, and aie located 
high m the mediastinum or low in the neck, the ceivical approach is obviously 
the better, but those that have localized as far down as the fifth or sixth 
thoracic spine, particularly when the case is a relatively old one, let us say 
more than two or three weeks old, and particularly when there is evidence 
that some foreign body has lodged m the abscess, a postenor mediastmotomy 
is the better approach 

I feel that in a case that has become subacute or clnonic, prolonged cer- 
vical drainage through a tube which lies close to the carotid sheath may 
possibly cause an erosion of the carotid artery and fatal hemorrhage, whereas, 
prolonged drainage through a wide posterior mediastinal incision, with pack- 
ing of that incision, piesents almost no danger of pressure necrosis of a large 
vessel 

As Doctor Lilienthal has said, the opening of the mediastinum is simple m 
cases m which there is a laige abscess that projects on either side of the 
spine, or bilaterally The parietal pleura will have been dissected away from 
the mediastinum by the abscess, so that a lesection of two or three inches of 
two posterior ribs together with the transverse vertebral processes, and a 
division of the intei venmg intercostal bundle, permit one to enter the ab- 
scess directly If a foreign body has diopped into the bottom of such an 
abscess, or is imbedded in the soft tissues, it would be difficult to safely re- 
move it if one attempted to do so through the more or less long track which 
would have been produced through a cervical incision 

In summarizing, I suggest the use of a cervical incision m acute cases 
and in those m which the infection, particularly free pus, has not extended 
as far as the fifth or sixth thoracic spine, but a posterior thoiacic incision 
for older cases which will probably require prolonged drainage and those m 
which a foreign body may have become lodged m the abscess m a position 
that is relatively inaccessible thiough a cervical incision 

Dr Owen H Wangensteen (Minneapolis, Minn ) This presentation 
by Doctor Pearse is an important one There is one point which I should 
like to make concerning early recognition of perfoiation of the esophagus 
Doctors Peaise and Churchill both indicated that there was often much delay 
between the occurrence of this tragedy and its identification Whereas, con- 
siderable time may elapse before subcutaneous emphysema becomes appreci- 
able by palpation, yet, the presence of air 111 the interstitial tissues about the 
esophagus can usually be detected m a roentgenogram a few minutes after 
its escape from the esophagus I would, therefore, strongly urge that all 
cases in which perforation of the esophagus is suspicioned have a roent- 
genogiam made immediatelv of the neck and thorax m ordei to identify the 
possible presence of air Such a film can be repeated if necessary after a 
short elapse of time 
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A hospital visitor with a self-inflicted bullet wound through the neck, who 
had shot a hospital patient through the chest, was seen by me several years 
ago, a short time after the shooting The offender presented no evidence of 
hemorrhage 01 neive injury and there was no subcutaneous emphysema He 
was hustled off to jail and died a few days later, I learned subsequently, 
from mediastmitis resulting from pei foration of the esophagus Since then, 
I have looked foi evidence of escaped an from the esophagus in a roent- 
genogi am lathei than with the palpating hand In the drowsy small hours 
of the night, I have once made the diagnosis of spontaneous perforation of 
the lower esophagus ovei the telephone m conveisation with the surgical 
resident, on the basis of subcutaneous emphysema in a patient who had upper 
abdominal pain, no dyspnea or cough The roentgenogram, as I have in- 
dicated, is, howevei, a much earlier and a better determinant of the presence 
of air in the paia-esophageal interstitial tissues 

I would like to cite an unfortunate happening attending operative closure 
of a cervical j^erforation of the esophagus which occuired after esophago- 
scopy, in the interest of those who may be disposed to try something of the 
sort At the time of opeiation, the thought occurred to me that if the 
carotid sheath were opened and the smooth inner surface of that sheath 
sutuied over the site of suture of the perforation, the risk of mediastmitis 
would be lessened The patient was maintained in the Trendelenburg posture 
and no mediastinal abscess developed The patient’s convalescence seemed 
assured, and somewhat moie than a week latei, I withdrew a soft rubber 
tissue drain (Penrose) which had been left in the wound A slight blood 
stam was noted on the diessing subsequently, but a few hours later the pa- 
tient died suddenly fiom profuse bleeding from the wound I had anticipated 
finding the source of hemoirhage in an interveitebial vein or fiom the left 
internal jugular at postmoitem Much to my astonishment and amazement, 
however, the erosion was in the common caiotid arteiy Whereas, the use of 
the caiotid sheath may secuie the esophageal suture line, it is decidedly not 
a safe piocedure 

This experience leads me to make a brief digression It seems a bit odd 
that the thick walled artery should have ruptuied lather than one of the ad- 
jacent thm walled veins It seems to me that this very occurrence sheds 
some light upon the shortness of our years Our artenes are called upon to 
sustain a relatively great piessure unrelentingly over years Is it not likely 
that aiteriosclerosis may be largely a traumatic process 7 If it is metabolic 
m origin, who do not veins exhibit these age changes in the same measure as 
it is observed in arteries 7 It may well be that the biblical three score and 
ten years are determined by the length of time that arteries will withstand 
the effects of systolic blood piessure 

I have had a single experience with an esophageal fistula resulting from 
pressure by a mediastinal abscess What astounded me most about it was 
the great difficulty in securing closure of the fistula After the performance 
of gastrostomy, I waited months for it to close spontaneously, no esophageal 
obstruction could be demonstrated Yet this fistula stayed open until a very 
extensive decostahzation, performed m stages, closed eventually both a total 
empyema and the esophageal fistula 

Dr Herman E Pearse (closing) Doctor Churchill has brought up the 
mattei of aftei-caie, paiticularly in relation to the feeding of patients with 
esophageal lesions This is very important, for fluid balance must be main- 
tained , blood is often needed, not only to supply hemoglobin but also deficient 
serum protein and oxygen may be required for prolonged periods m a tent 
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Feeding may be difficult I have had a discouraging experience with the 
duodenal tube, largely because the patient is already uncomfortable from the 
wound, the manipulation of the oxygen tent, and the administration of fluids 
I have tried it repeatedly and have now letumed to a gastrostomy as the 
simplest proceduie 

I would agree entnely with Doctors Churchill’s and Alexanders presenta- 
tion that these patients must be individualized, and if I may be allowed to 
pi edict, I believe that with more experience, we will divide them into three 
groups One will constitute those infections which slowly giavitate down 
fascial planes fiom the neck They should be simply opened and drained 
Natuie’s bainei against the spread of infection should not be broken down 
In the next gioup aie those who have eithei a spreading infection or a 
localized abscess below the level of the fifth 01 sixth doisal vertebra They 
ceitamly should be attacked through the chest wall The fascial spaces from 
the neck extend only to the level of the sixth veitebia, so one cannot use the 
cervical incision foi those at the lower level The same approach should be 
used foi long-standing abscesses in any location, foi they need some collapsing 
of the chest wall m oidei to obliterate the cavity 

The thud gioup aie those described who have a virulent spreading sup- 
puiation fiom a visceral peiforation Their tieatment must be much more 
energetic than foi a localized abscess, and if the peiforation is above the sixth 
doisal vertebia, the mediastinum should be diained immediately tlnough the 
neck 

I have nevei encounteied the complication of hemonhage spoken of by 
Doctors Alexander and Wangensteen We all know that Doctor Halsted 
devised a very ingenious method for the gradual occlusion of great vessels 
with an aluminum band He stated that he had cured aneuiysms but some 
patients died of hemorrhage , therefore, it has long been known that gradual 
piessuie on a pulsating vessel will weai away its wall 

Two factois might increase the risk of hemonhage One is the dissection 
of the caiotid artery to expose its wall in the incision This is not necessary 
It should be left alone with its fascial envelope intact The second is the 
use of a haul drainage tube In any expei lence I have had m operative vas- 
culai suigeiy, I have never seen soft mateiial eiode a vessel wall 
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Lesions of the esophagus lesulting fiom foieign bodies, diveiticula, lye 
burns, spontaneous lupture and luptuies resulting from direct violence are 
not common, when one considers how few cases of this type are seen when 
compared with other surgical lesions of the gastro-mtestmal tract A large 
peicentage of the cases classified m this gioup are not seen by the surgeon 
early m the life of the lesion or mjuiy, and when the surgeon is called, it is 
often after some complication has developed 

Today, the management of these lesions is well standaidized aftei the 
contributions made by Jackson , 2 Judd , 8 Lahey , 4 Pearse , 3 Shallow , 7 Truesdale 1 
and others There may be some difference of opinion as regards the one or 
two stage operation, where esophagotomy is necessary The two stage opera- 
tion advocated by Judd and Lahey is generally considered the safest procedure 
and has been practiced in the cases to be presented in this paper 

The lesultant danger from perfoiation of the esophagus, regaidless of the 
location, becomes a serious complication Rupture m the thoracic portion 
develops contamination of the mediastinal structures and a virulent infection, 
with few patients able to survive, in spite of suigical drainage The media- 
stmitis following cervical perforation as descubed by Pearse is an indirect 
effect The explanation of Pearse and otheis is that it results from a de- 
pendent spiead of infection from the neck into the chest along the fascial 
spaces There is abundant evidence to piove that a direct communication 
exists between the cervical region and the mediastinum This is due to the 
fact that, during embryologic development, the mediastinal structures origi- 
nate m the neck and migiate into the chest, cairying their enveloping fascia 
with them The conception that the mediastinum begins at the diaphragm 
and ends at the base of the skull is logical since at no place is theie a trans- 
verse demarcation to segregate these regions This anatomic relationship 
emphasizes the need for protection against a spread of infection from the 
cervical region to the mediastinum, when dealing with lesions involving the 
cervical region of the esophagus lequinng esophagotomy 

The addition of esophagoscopy, as piacticed by the skilled endoscopist, 
has contributed to the diagnosis and management of this type of case I he 
close cooperation of the endoscopist, roentgenologist and surgeon is essential 
in the successful appreciation of the problems involved and the ultimate result 
A foreign body lodging in the esophagus, or a lesion resulting fiom a 
foreign body, is the one most frequently seen by the endoscopist The re- 
finement of technic as practiced today fortunately minimizes the need for 
open operation The work of Chevalier Jackson and his associates stands 
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out preeminently m the development of an excellent operative technic, which 
has resulted m a surprisingly low mortality of 2 per cent or less He regards 
the esophagoscope, m the hands of rough, careless, unskilled physicians, as a 
dangerous and often fatal instrument Moreover, there are risks associated 
with the use of the esophagoscope which he describes as “complications and 
dangers ” Jackson has stated that “endoscopic skill cannot be bought with 
mstiuments Repeated exercise of a particular senes of maneuvers is neces- 
saiy As with learning to play a musical instrument, a fundamental knowl- 
edge of technic, positions, and landmarks is necessary, after which only 
continued manual practice makes foi proficiency ” 

The management of pulsion esophageal diverticula, as descubed by Lahey, 
shows a lefinement 111 technic, with gratifying results as shown in his fol- 
low-up of the cases operated upon He has emphasized the need for early 
recognition of this lesion and suigical treatment, preferring the two stage 
opeiation, at the same time recognizing the results obtained by the advocates 
of the one stage operative procedure 

The gieat majority of cicatricial stenoses of the esophagus are seen 111 
children as a result of the accidental swallowing of lye When these cases 
are first seen, they should be treated conservatively, allowing only bland fluids 
for a period of about two weeks The resultant stnctures of the esophagus 
aie often multiple, and may be resistant to treatment Early dilatation of 
stnctures of the esophagus has been practiced by Salzer and Bokay with satis- 
factoiy results Most observers prefer waiting until the acute mflammatoiy 
leaction has subsided 

Where no gastrostomy is performed, we believe Jackson’s peroral esopha- 
goscopic bouginage for cicatricial stenosis, under direct vision, is safe and 
pioduces good results Blind bouginage is to be strongly condemned Where 
dilatation from above is impossible, the surgeon is called upon to perform 
a gastrostomy, not only for feeding purposes, but for future retrograde dilata- 
tion Tucker claims this the safest method, and the results are more per- 
manent and more rapidly attained The Stamm type of gastrostomy has been 
found satisfactory, precaution being taken to select the site near the cardia, 
midway between the greatei and lesser curvatures of the stomach 

The following case reports illustrate some of the problems encountered 
and the management of certain surgical lesions of the esophagus 

FOREIGN BODIES 

Case 1 — J C , white, male, age 3, was admitted to the hospital March 2, 1936, with 
a history of having swallowed an alarm clock key that day The child soon coughed 
and choked He was referred to the endoscopist and later fluoroscoped, the key being 
found at the level of the fifth cervical vertebra (Fig 1) 

Esophagoscopy was carried out by Dr H Lee Simpson, who visualized the foreign 
body below the level of the cricoid It was so tightly incarcerated and fixed that it 
could not be turned, removal by this route, therefore, was considered impossible The 
following day, March 3, 1936, a first stage external esophogotomy was performed 

Opei ation — The esophagus was exposed, two long black silk sutures were inserted 
into the wall for subsequent identification, and the wound packed The patient was given 
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intravenous glucose and saline subcutaneously for the next few days On March 8, 
1936, the second stage esophogotomy was performed under general anesthesia The 
foreign body could not be felt, but a roentgenogram showed it to be at the level of the 
fourth cervical vertebra A one-half inch incision was made in the esophagus, and with 
the aid of a Cameron light, the foreign body was seen, grasped with a forceps, and 
gently removed, under vision The defect in the esophagus was closed by interrupted 
catgut sutures The wound was closed in layers, with a small rubber dram inserted at 
the lower angle A Levine tube was passed for feeding purposes and removed 11 days 
later 

Subsequent Coin sc — There was no noticeable drainage from the wound The pa- 
tient was discharged 20 days postoperatively One month later, he was reported to be in 
good condition 



Fig 1 — Roentgenogram showing an alarm Fig 2 — Roentgenogram showing a razor 

clock key in the esophagus at the lea el of the guard in the esophagus at the lea el of the trans 
fifth cervical aertebra aerse arch of the aorta 


Case 2 — T D , white, male, age 46, was admitted to the hospital December 12, 1934, 
with a history of having been in an institution during the previous five months because 
of a mental condition One month prior to admission to Harper Hospital, he had at- 
tempted suicide by swallowing the two parts of a safety razor which hold the blade 
One piece was reported as having been passed per rectum Following the swallowing 
of the safety razor guard, he had intermittent attacks of severe substernal pain Fluoro- 
scopic examination revealed a metallic guard from a safety razor 111 the lower esophagus, 


about four inches above the cardiac end Temperature, 102° F , pulse, 100, respirations, 
24 Physical Examination did not reveal any evidence of cyanosis, or emphysema of 
the soft tissue of the neck and thorax The following day, he was esophagoscoped by 


Dr A E Hammond A 9 Mm esophagoscope was passed, and about three inches above 
the diaphragm, the esophagus was observed to be studded with granulation tissue, which 
was partially removed, and the metal foreign body visualized This was grasped with 
a heavy, forward-grasping forceps, and gently pulled upward It was brought to the 
level of the cricoid cartilage, at which point it was impossible to pull it further The 
following day, roentgenologic examination of the chest, in the anteroposterior and latera 
planes, revealed the safety razor guard lying at the level of the transverse arch of t 
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aorta (Fig 2) At this time, there was no evidence of emphysema, and both lung fields 
were normally aerated 

A roentgenologic examination of the chest four days later showed the guard to 
have descended about two inches since the former examination The patient was again 
esophagoscoped, December 19, 1934, and a 9 Mm esophagoscope was passed With 
the Toddle forceps, the operator was able to grasp the foreign body and it was elevated 
to the level of the cricoid cartilage, but again it was found impossible to extricate it fur- 
ther On December 23, 1934, it was decided that the foreign bod\ should be removed by 
the external route 

Opeiahon— December 26, 1934 The first stage operation was performed, which 
simply exposed the esophagus A gauze pack was inserted down to the esophagus, and 
the wound closed Convalescence was un- 
eventful , and five days later the second 
stage operation was performed The esoph- 
agus was exposed, and a one-half inch inci- 
sion was made through its lateral aspect 
A short esophagoscope was then introduced, 
orally, and the foreign bodv was elevated 
to the level of the surgical incision in the 
esophagus, through which it was extracted 
The wound in the esophagus was closed, and 
a small soft rubber drain inserted A 
Levine tube was passed for feeding pur- 
poses Convalescence was uneventful, ex- 
cept for a small amount of drainage from 
the operative wound , and there was no evi- 
dence of an esophageal fistula The Levine 
tube was removed at the end of 12 days 
The surgical incision was completely healed 
January 16, 1935, at which time the patient 
was discharged from the hospital 

Follozv-Up — The patient has been seen 
on a number of occasions and has returned 
to his former occupation A fluoroscopic 
and roentgenologic examination with a 
barium meal, five weeks after operation, 
showed the barium to have passed through 
the esophagus without any evidence of obstruction, but there was present a moderate 
amount of spasm (Fig 3) There is no difficulty in swallowing, no evidence of stricture, 
and he is apparently normal mentally 

Case 3 — A P , white, female, age 44, married, entered the hospital April 21, 1937, 
with a history of having swallowed a fish bone a few hours previously Roentgenologic 
examination revealed the presence of a small bone in the esophagus at the level of the 
sixth and seventh cervical vertebrae It was also noted that there was some increased 
radiotransparency about the bone, suggesting the probability of some air 111 the peri- 
esophageal tissues The patient was esophagoscoped by Dr Arthur E Hammond, who 
visualized the fish bone lying cross-wise in the cerucal region of the esophagus It was 
impossible to extract it with fine, grasping-forceps The patient was, therefore, re- 
turned to the ward, and fluids administered by both intravenous and subcutaneous routes 
Two days later, the patient’s general condition appeared critical Temperature, ioi° F , 
pulse, 108, respirations, 22 There was also noted a moderate cyanosis of the face, upper 
thorax and neck, pitting edema in both upper and lower extremities, and clinical evi- 
dence of emphysema m both cervical regions, which extended to the level of the clavicle 
on the left side Because of the cvanosis and dyspnea, the patient was placed in an 
oxj gen tent, and treatment instituted to restore her fluid balance m preparation for the 
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Fig 3 — Roentgenogram taken si\ weeks 
after the removal of the foreign body b> the 
external route There is no evidence of stric 
ture but a moderate degree of spasm 
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first stage external esophagotomy A periesophageal abscess was suspected as being 
secondary to a perforation of the cervical esophagus 

Opeiation — April 24, 1937, three days after admission A left, first stage external 
esophagotomy was performed under nitrous oxide anesthesia Upon exposing the esopha- 
gus at the level of the foreign body, there was found a walled-off abscess at the postero- 
lateral aspect of the esophagus (Fig 4A) 



Fig 4- — (A) Drawing of the periesophageal abscess found at operation (B) The 
small perforation in the wall of the esophagus which was seen after drainage of the 
periesophageal abscess 


The wound was packed anteriorly, inferioily and posteriorly, and the abscess drained 
The culture of the pus was reported as Staphylococcus aniens At this operation, a 
small perforation in the wall of the esophagus was seen (Fig 4B) A small rubber 
drain was inserted to the site of the perforation and placed in the lower angle of the 
wound The patient’s postoperative condition was satisfactory, and the fluid require- 
ments were met by glucose intravenously and saline subcutaneously There was a small 
amount of drainage of a serosanguineous type from the wound during the next few days 
Roentgenologic examination, April 28, 1937, revealed no definite evidence of the fish bone 
shadow m the cervical region At this time the patient was esophagoscoped by Doctor 
Hammond, who reported the cervical portion of the esophagus to be slightly in ^ a ^ e 
and after careful inspection, found no tear in the esophageal wall, or foreign body 1 
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esophagoscope was passed gently down to the cardia It was concluded that the foreign 
body had passed down into the gastro-mtestmal tract A Levine tube was passed for 
feeding purposes, and was removed May 4, 1937, when fluids were given by mouth 
There was apparent need for maintaining drainage for 11 days, at the end of which 
time the temperature, pulse and respirations were normal, and the patient was discharged 
Recovery was uneventful At the present time, the patient is reported in good health 
and has had no symptoms referable to the esophagus 

ESOPHAGEAL DIVERTICULU JI 

Case Report — H A , white, male, age 60, first came under observation October 
19, 1932, with a history of having had difficulty in swallowing for two years This dif- 
ficulty had been progressive in type, and was not associated with any hoarseness He 
stated that a fulness m the lower left neck region appeared usually after lus evening 
meal Three or four hours later, by exerting pressure over this area of fulness, he was 
able to express previously eaten food into the mouth At this time, the patient was 
not acutely ill and weighed 12 1 pounds Examination showed a slight fulness in the 
neck in the region of the left lobe of the thyroid He was referred for roentgenologic 
study October 24, 1932 Fluoroscopic examination demonstrated a very definite dis- 
tention of the upper third of the esophagus, with a large diverticulum bulging from the 
posterior aspect of the esophagus just at the supersternal notch (Fig 5) The barium 
tnckled through the esophagus below this point, and there was no indication of any 
other abnormality 

Opeiatton — October 28, 1932 A first stage external esophagotomy was performed 
under bilateral paraveitebro-cervical nerve block anesthesia The left lobe of the 
thyroid was mobilized and retracted to the midline, exposing the diverticulum The 
latter was freed along its entire length down to its communication with the esophagus 
The sac was anchored to the prethyroid muscle, iodoform gauze was packed around 
the diverticulum and was brought out through the lower end of the wound A Levine 
tube was passed for feeding purposes Convalescence, after the first stage operation, was 
uneventful, except for a small amount of seromucous drainage from the wound There 
was apparently a small tear made in the wall of the diverticulum at the time of its isola- 
tion, resulting in a small esophageal fistula On November 16, 1932, 18 days later, the 
second stage operation was performed The sac was excised, and the small defect in 
the esophagus was closed The patient was fed by a Levine tube until November 20, 
1932, when the tube was removed and fluids allowed by mouth The drains were re- 
moved from the wound November 21, 1932, and the patient was discharged When last 
seen, in the spring of 1937, the patient reported no difficulty in swallowing, and was in 
good general health except for a mild hypertension 

CONGENITAL SHORTENING OT THE ESOPHAGUS 

Case Report — L S , male, age seven weeks, was admitted March 29, 1933, with 
a history of vomiting after taking his formula from the time he was one week old The 
vomiting occurred one-half to two hours after the feedings, and occasionally was projectile 
in type The vomiting continued and fluoroscopic and roentgenologic studies were made 
April 3, 1933, and April 23, 1933, wffiich demonstrated a congenitally short esophagus 
and a pouch-like projection of the stomach above the diaphragm (Fig 6) 

From the clinical and roentgenologic findings, it was decided to perform a left 
phrenic crushing procedure, which was effected April 29, 1933 All vomiting ceased 
thereafter, and the child has had no further difficulty 

STRICTURE OF THE ESOPHAGUS 

Case Report — L G , colored, female, age 3, was admitted to the Children’s Hos- 
pital June 12, 1935, with a history of having swallowed lye about ten weeks previously 
Since then, she had considerable difficulty m swallowing A diagnosis was made of an 
esophageal stricture secondary to a lye burn Roentgenologic examination demonstrated 
the presence of a complete stricture of the low'er third of the esophagus (Fig 7) 
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Tig 6 — Roentgenogram showing the short 
esophagus and a portion of the stomach lying 
above the diaphragm There is also to be noted 
a distinct dilatation of the esophagus and a 
pouch like projection from both aspects of the 
stomach abo\e the diaphragm 



Tig 7 ‘ — Roentgenogram taken approximately Fig 8 — Roentgenogram (lateral new) of th 

ten weeks after a lye burn, demonstrating prac esophagus 34 months after treatment 

tically a complete stricture of the lower third 
of the esophagus There is considerable dilata 
tion of the esophagus above the stricture 


Fig 5 — Roentgenogram showing an esophageal 
diverticulum measuring 4 cm in diameter 
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The child was discharged without treatment, but was readmitted one month later, during 
which interval she had lost 12 pounds in weight At the time of readmission, she was 
able to take only fluids by mouth July 30, 1935, a 6 Mm esophagoscope w'as passed 
by Drs A E Hammond and Wadsworth Warren Just below' the area of the crico- 
pharyngeus there w'as a marked stricture A No 10 esophageal bougie was introduced, 
and the stricture dilated Three months later, a 6 Mm esophagoscope was again passed 
by Doctors Hammond and Warren, dow'n below' the cricoid to the upper esophageal 
stricture It w'as impossible to get through the stricture further than about one-half 
inch wuth the smallest esophageal bougie available 

A gastrostomy w r as deemed advisable and the Stamm type of operation w'as performed 
October 30, 1935 On November 12, 1935, a 6 Aim esophagoscope was passed down 
to the upper stricture This w'as dilated with some difficulty by a No 10 French bougie 
Gradually the esophagoscope, together wuth the bougie, w'as passed down through to the 
lower esophagus The No 10 French bougie w'as then withdrawn, w'lth the string positor, 
and the bougie w'as passed through into the stomach With the aid of the esophagoscope 
in the stomach, the string w'as grasped and brought out through the abdominal opening 
A heavy silk cord w’as then tied and w'ithdraw'11 through the esophagus, inserted through 
the nares, and the loop completed A w'eek later, the esophagus w r as dilated, using a 
retrograde Tucker French No 12 bougie Some resistance w'as encountered After four 
months (Alarch 31, 1936) it w'as possible to dilate wuth a No 20 French bougie, dilata- 
tion having been performed every tw'o weeks On July 21, 1936, it w’as possible to pass 
a No 24 French bougie, and on September 15, 1936, retrograde esophageal dilatation 
wuth a Tucker No 30 French bougie w'as accomplished During 1937, the patient w'as 
dilated w'lth a Tucker No 30 French bougie every month, with no difficulty At the time of 
the dilatation, November, 1937, she w'as told to return in three months On April 19, 
1938, a retrograde Tucker No 30 French bougie w'as passed without difficulty (Fig 8) It is 
planned at this time to close the gastrostomj, inasmuch as the patient has been taking 
solid food for the past 3 ear with no evidence of contracture of the former stricture 

RUPTURE OF THE THORACIC ESOPHAGUS 

Case Report — C B , white, male, age 2, w'as admitted to the hospital August 6, 
1935, with a history of having been well until July 30, 1935 The swallowing of a 
foreign bod3 r on that date w'as suspected It w'as reported that previous to admission to 
the hospital, the child had eaten \ ery little, and had vomited repeatedly since the onset 
of symptoms 

Physical Examination revealed a w'ell nourished child, appearing dehydrated Tem- 
perature, normal, pulse, no, respirations, 24 The fontanelles w'ere closed, pupils, 
equal, and reacted to light , ears and nose, negative , tongue, dry , and the throat, slightly 
injected, but no foreign body w'as seen There W'as no rigidity of the neck, but on examina- 
tion of the chest, an occasional coarse rale w'as heard over both bases The heart bor- 
ders were normal, and no murmurs w r ere heard The abdomen w'as soft , liver and spleen 
not palpable A diagnosis of suspected foreign body in the esophagus was made On 
August 7, 1935, the patient W'as esophagoscoped by Dr A E Hammond, w'ho found 
no evidence of a foreign body in the esophagus, but did see an ulcer approximately ixi 
cm in the left lateral wall, about one inch above the cardia The floor of the ulcer was 
necrotic and surrounded b3 r a zone of hyperemia After this examination, the child 
strained considerably and vomited Approximately four hours later, there w'ere signs 
of a left tension pneumothorax, w'hich w'as aspirated, 400 cc of air and 20 cc of sero- 
sanguineous fluid being removed, with marked relief of the d3 r spnea This finding of 
tension pneumothorax with fluid m the pleural cavity led us to suspect that the esophageal 
ulcer had perforated into the left pleural cavity 

Fluoroscopic examination, at 9 00 p 11 , revealed that there was a total collapse of 
the left upper lobe, and a 50 per cent collapse of the left low'er lobe, with marked dis- 
placement of the heart to the right The child w'as placed in an ox3'gen tent with no 
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apparent improvement Because of the increase in the severity of the tension pneuma- 
thorax and the inability to control it by aspiration, it was deemed advisable, at n oo 
p m , to institute a closed catheter type of drainage under water This resulted in marked 
relief of the dyspnea and cyanosis Unknowingly, a student nurse gave the child milk 
to drink, and immediately the milk appeared in the drainage tube which had been placed 
in the left pleural cavity This definitely proved that there was a perforation of the 
esophagus into the left pleural cavity A Levine tube was inserted into the stomach for 
feeding purposes, putting the esophagus at rest Fluoroscopic examination and roent- 
genologic examination, August 8, 1935, showed the drainage tube m the left pleural 
space, with no indication of free air or fluid in the left pleural cavity The rectal tem- 
perature varied from 102 0 to 104° F for two days following the rupture of the esophagus 
Roentgenologic examination, August 15, 1935, revealed the lung almost completely 
leexpanded The Levine tube was used for feeding purposes until August 20, 1935, when 
fluids were given by mouth The fluid which drained through the catheter showed no 
growth on culture The tube was removed from the pleural cavity on August 26, 1935, 
and the child was discharged four days later 

Subsequent Com sc — Fluoroscopic study, September 30, 1935, after a barium meal, 
showed that there was no interruption in the downward progress of the barium into 
the stomach The lumen of the esophagus was reported small, but there was no abnor- 
mality in the contour of this structure at the site of the previously reported rupture 
May 24, 1937, 21 months after the rupture, there were no symptoms referable to the 
esophagus or thoracic organs Fluoroscopic examination after the administration of 
barium revealed no evidence of obstruction or stricture in the esophagus 

CONCLUSIONS 

(1) Various lesions of the esophagus coming to the attention of the sur- 
geon have been briefly discussed and cases illustiatmg their management have 
been descubed 

(2) The management of lesions of the esophagus lequnes close coopeia- 
tion between the endoscopist, roentgenologist and surgeon 

(3) The two stage proceduie of esophagotomy cairies a low mortality 
rate if performed at the optimum period 

(4) Strictures of the esophagus demand caieful treatment over an ex- 
tended period in order to obtain satisfactory end-iesults 

(5) Rupture of the thoiacic esophagus demands early diagnosis and drain- 
age of the pleural cavity 
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LYMPHATIC SPREAD OF CARCINOMA OF THE RECTUM 

Richard K Gilchrist, M D , and Vernon C David, M D 

Chicago, III 

The operability and piognosis m patients with caicmoma of the rectum 
depend on the piesence and extent of lymphatic metastases as well as on the 
degree of local extension of the tumor and the absence of blood-boine metastases 
to the liver, lungs, bones, brain, etc The piesent study was undei taken m 
an effort to determine the incidence, extent and location of lymph node metas- 
tases and the extent of radical removal necessary to msuie eradication of all 
involved nodes 

At first, this was done by a veiy caieful dissection of the fresh, surgically 
removed specimen of carcinoma of the rectum A full scale drawing was made, 
and the location of all lymph nodes was caiefully noted on it Between eight 
and 48 lymph nodes were found m each of 22 specimens examined by gioss 
dissection Nodes which were thought to be involved with carcinoma weie 
labeled and circled with black mk on the drawing All nodes were then sec- 
tioned and examined microscopically 

Recognition of involved nodes by palpation is difficult or impossible when 
they are small Four hundied ninety-six nodes from these specimens weie 
examined grossly to determine the pi esence of metastases Of the 1 1 1 lymph 
nodes containing caicmoma, only 48 showed any gross change, even 111 cross- 
section of the gland Gabriel, Dukes and Bussey 1 tried to determine the pres- 
ence of lymph node metastases in 1,242 nodes found in operative specimens 
of carcinoma of the rectum Of 3 37 nodes consideied by them to have car- 
cinoma grossly, only 132 were found to be involved when examined micro- 
scopically, and of 905 nodes considered to be fiee of carcinoma, 18 contained 
carcinoma when examined micioscopically 

Techmc of Examination — Later, in order to more accuiately study all of 
the lymph nodes, we developed the following technic foi examination of sur- 
gically removed specimens of carcinoma of the lectum The ligature on the 
superior hemorrhoidal artery of the fiesh specimen is lemoved and a small 
cannula is tied into the artery The specimen is then perfused with a waim 
1 per cent citrate solution under a piessuie of about 100 cm of water Liga- 
tures on the smallei vessels ai e 1 emoved so that the blood can be washed out, 
and as soon as theie is a free flow of cleai fluid fiom any open vessel, it is 
ligated After one to three hours of pei fusion, the specimen is white except 
foi the extrinsic muscles surioundmg the anal onfice, and foi any small aieas 
where theie may have been an extravasation of blood Such aieas can be 
cleai ed by very gentle manipulation Aftei the specimen has become almost 
entirely white, the artery' is injected with red lead This is done undei mod- 
erate piessure, using a syringe The vessel is then tied and the specimen is 
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placed m io per cent foimahn solution for 24 hours It is then changed ever) 
24 hours fi 0111 50 to 70 to 95 per cent to absolute alcohol If the fascia propria 
is untoin or if the tumor is thick, it is better to leave the specimen in alcohol 
for a longer time The bow el is then opened along the antimesenteric border 
This preseives the arterial tree and allows foi an accurate localization of the 
tumor and its regional nodes The specimen wall now r be completely white 
It is mounted on any suitable frame with a few silk sutures and placed 111 
methyl salicylate After 24 to 48 hours the specimen becomes almost com- 
pletely transparent The red aitenal tree serves as a veiy good landmark 
The tumor, mucosa and peritoneum can all be easily recognized and the lymph 
nodes stand out as sphencal masses of a slightly greater density than the sur- 
loundmg tissue Man)-’ bubbles wall be found These can be expressed by 
gentle pressure The tissue can be handled wuth ease and safety if left beneath 
the surface of the methyl salicylate Sometimes it takes five to seven days for 
all bubbles wuthm the depth of the tissue to disappear (Fig 1) 

A full scale drawing of the bow^el, arterial tree and tumoi is then made 
A section of the tumor is taken and placed in methyl salicylate The lymph 
nodes can now r be removed, each one can be labeled separately and its position 
charted exactly 111 its relation to the aitery These nodes are then placed in 
methyl salicylate and they are leady to imbed m paraffin and section and 
stain without being 1 un through the usual alcohol and xylol solutions 

Specimens studied m this w r ay have had 20 to 80 nodes per specimen The 
average m 25 tiansparent specimens removed by the Miles type of abdomino- 
perineal resection of the rectum w r as 52 1 nodes per specimen Sixteen of 
the 22 specimens studied by gross dissection had lymph node metastases, and 
16 of the 25 studied by the method of clearing had metastases, an average of 
68 r per cent of all specimens studied Previous studies of lymph node in- 
volvement are summaiized m Table I 

Table I 

SUMMARY or INCIDENCE OF LYMPH NODE INVOLVEMENT BY PREVIOUS AUTHORS 

Percentage 



Number of 

Number of 

with 


Specimens 

Nodes per 

Metastases 

Author 

Studied 

Specimen 

to Nodes 

McVay, J R = 

100 

6 23 

47% 

Wood, W Q , and Wilkie, D P D 3 

100 

11 23 

5i% 

Westhus, H 4 

74 (cleared) 

25 33 

59% 

Gabriel, W B , Dukes, C , and Bussev, H J R 1 

roo 

28 

62% 

Gilchrist, R K , and David, V C 

22 (gross) 

25 (cleared) 

23 9 

52 1 

68 1% 


Dukes’ 1 classification divides tumors into Grade A, wdiere the tumor does 
not penetrate the bow-el W’all and does not have lymph node metastases, 
Giade B, where the tumor extends through the bowel wall and involves ad- 
jacent tissue but does not have lymph node metastases , and Grade C, w f here 
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there are metastases to lymph nodes An analysis of the tumors studied m 
this series is given in Table II, which shows that tumors having lymph node 


Table II 


SUMMARY or GRADINGS Or METASTASES ACCORDING TO THE CLASSIFICATIONS OF BRODERS 

AND DUKES 


Broders’ Grades 

1 

2 

3 

4 

Dukes’ Grades 
A 
B 
C 


32 Specimens 
With Metastases 

o 

20 

10 

2 

0 

o 

32 


15 Specimens 
Without Metastases 

3 

11 

1 

00 

5 

10 

o 


Number of involved nodes per 
specimen 


1 5 

2 5 

3 4 

Many 1 8 


* Specimens with metastases to high lying nodes, 19 


metastases tend to be of a highei giade classification, according to Biodeis’ 
grading, than those without metastases Eighteen of the 32 specimens having 
metastases had foui or more nodes pel specimen involved Nineteen of the 
32 had node involvement at or above the bifurcation of the superior hemor- 
rhoidal artery 

Tumois arising predominantly on the mesenteric bordei of the bowel seem 
to metastasize to the lymph nodes moie fiequently than do those arising on 
the antimesentenc border (Table III) 


Table III 


LOCATION OF TUMOR ON CIRCUMFERENCE Or THE BOWEL 


32 specimens with metastases 
15 specimens without metastases 


Mesenteric 

Border 


Antimesentenc 

Border 


17 

7 


12 

7 


Circular 

3 

1 


The duration of symptoms seems to have less effect than one would sup- 
pose on the number of nodes involved in operable cases Three patients who 
had had symptoms for four months or less had 22, 25 and 28 involved nodes, 
while five patients who had had symptoms 12 to 18 months had zero, two, 
three, two, and 43 involved nodes (Table IV) 
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Tig 3 — Hosp No 34434 Showing *111 instance of 1 small tumor with very extensive metastases 
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Table IV 


INCIDENCE 01 MLTASTASES IN REL ATION TO DURATION OT SYMPTOMS 


Number of Nodes 
Involved per 
Specimen 
4 or more nodes 
3 or less nodes 
No nodes involved 


Number of Cases with 
Svmptoms 6 Months 
or Less 
u 
io 
6 


Number of Cases with 
Symptoms for More Than 
6 Months 

7 

4 

9 


The size of the tumoi seems to have little relation to the numbei of nodes 
involved with metastases (Table V) 


Table V 


LYMPH NODE METASTASES IN T RELATION TO THE AMOUNT OI~ CIRCUMTERENCE OE BOWEL 

INVOLVED 


More Than 75 
Per Cent 


Less Than 75 
Per Cent 


Specimens with 3 or less involved nodes 
Specimens with 4 or more involved nodes 
Specimens without metastases 


7 

7 

8 


7 

11 

7 


Analysis of the specimens studied m this series has led us to the following 
conclusions 

(1) The size of the tumoi is of little value m determining the presence ot 
absence of lymph node metastases Figure 2 (No 36463) is an excellent 
example of this phenomenon The patient, age 60, had had symptoms foi 
eight months He was very obese, which made 1 adical removal difficult The 
tumoi involved at least 75 per cent of the circumference of the bowel Eighty 
lymph nodes weie removed from this specimen, all weie normal In con- 
tiast, Figure 3 shows the specimen from a patient, age 49, who had had 
symptoms for two months The tumor involved about 20 per cent of the 
circumference of the bowel The specimen was studied by gross dissection , 
32 nodes were found, 25 of them contained metastases Sixteen of the 25 
involved nodes showed pathologic changes on sectioning, before fixation 
There was one node found at the level of the levator am muscle which was 
involved 

(2) Low-lymg tumors may have metastases veiy high Figure 4 shows 
the specimen of a patient, age 43, who had had symptoms for 16 months 
The tumoi involved about 65 per cent of the circumfeience of the bowel 
Twenty nodes were found and the two solid black dots indicate the location 
of the lymphatic metastases 

(3) Where the upward lymph channels are blocked by metastases, there 
may be a retrograde metastasis downward as shown m Figure 5 The pa- 
tient, age 65, had had symptoms for at least six months The tumor involved 
about 65 per cent of the cncumference of her bowel Twenty-seven nodes 
were found by gross dissection, 22 of them having metastases The lowest 
of the five nodes below the tumoi was 4 cm below the lowest edge of the 
tumor One other case showed the same anatomic distribution 
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(4) Where the tumoi is found at the level of the levator am muscle, 
there is a double lymphatic diamage the more common is upward along the 
superioi hemorrhoidal artery, the other direction is laterally along the superior 
surface of the levator am muscle Lymph node metastases aie found here 
Four such instances occurred in this series One has been cited above (Fig 
5 — Hosp No 33779) The specimen illustrated in Figuie 6 is from a 
patient, age 53, who, while in the hospital recovering from fractures of both 

legs, developed rectal bleeding Six weeks 
later he was operated upon for carcinoma 
of the rectum The tumor involved 50 
per cent of the circumference of the 
bowel Eighteen nodes were found by 
gross dissection, three of them being in- 
volved by cai cinoma The two along the 
levatoi am muscle were 2 5 cm lateral to 
the muscularis of the bowel 

(5) Squamous cell caicinomata which 
involve the mucosa may have a double 
lymphatic involvement Figuie 7 lllus- 
tiates the specimen removed fiom a pa- 
tient, age 60, w ho had had symptoms foi 
six weeks The tumoi onginated at the 
mucocutaneous line and extended upward 
for 5 cm involving the mucosa but with- 
out pioducing any ulceiation There had 
never been any bleeding It involved 
about 80 pei cent of the circumference of 
the bowel Eight nodes weie found by 
gioss dissection, four of them along the 
course of the superior hemorihoidal artery, 
above the tumor, were involved Four 
months latei the inguinal nodes weie le- 
moved and one of them showed metastatic 
involvement 

(6) Postmortem examination shows 

section is, if one wishes to eradicate them , , , , , ,, 

that radical removal, with resection 01 

the supenor hemoirhoidal arteiy as high as possible and wide resection of 
the levator am muscles, is necessaiy in order to give the best chance of per- 
manent cure Figure 8 illustrates the specimen removed from a patient, age 
64, who had had symptoms for 12 months The tumoi was ulcerating, and 
involved 60 per cent of the circumference of the bowel It had penetrated 
all coats of the bowel and was slightly adherent to the fascia propria Nodes 
were palpable m the hollow of the sacrum A Miles type of combined ah 
dominopermeal resection of the rectum was pei formed Sixty-two nodes were 
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Tig io — Hosp No 36642 Showing the high distribution of the involved ljmpliTtic nodes 
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found, 43 of them showed metastases The highest node invoked was only 
3 cm below the point of ligation of the supenor hemori hoidal arteiy He 
had an uneventful postoperative couise until the eighth postopei ative day. 



Prostate 

/ and \ s 

' Bladder 

Fig ii — Hosp No 36642 Autopsy Sketch showing the Ijm 
phatic node distribution, and the presence of imohed nodes remain 
mg postoperatnelj, which would ha\e been impossible of surgical 
remo\ al 

when he suffeied a massive pulmonaiy embolus and died The two diagiams 
of the postmoitem prepaiation show the location of the 160 nodes which were 
examined The highest node was 3 cm above the point of origin of the 
supenoi mesenteiic aitery, and the lowest was at the mferioi bolder of the 
prostate, as fai distal as it is possible to cut the aitenes from within the abdo- 
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men In spite of the extensive lymphatic involvement m the operative speci- 
men, there weie no metastases above the point of lesection The one node 
involved was about i cm lateial to the widest point of lesection, along the 
levatoi am muscle (Fig 9) 

Figuie 10 illustrates the specimen removed fiom a very thm and feeble 
patient, age 72, who had had symptoms for six months The tumor involved 
65 pei cent of the circumfei ence of the bowel There weie a number of en- 
laiged nodes high up, and because of a peculiar congenital peritoneal anomaly, 
the superioi hemonhoidal artery could not be lesected as high as it fre- 
quently is Thirty-five nodes weie found in the opeiative specimen, seven of 
them contained metastases He died of an aspiration bronchopneumonia 
The diagram of the postmoitem pieparation shows the location of the in 
nodes which were studied Four nodes were found to be involved, demon- 
strating that a complete removal was not possible in this case 

CONCLUSIONS 

Prognosis based on the spiead of the tumor into the lymph nodes is m- 
accuiate unless a caieful dissection of the specimen is made 

When a very careful seaich for lymph nodes is made, either by gross dis- 
section 01 in the cleared specimen, about 68 per cent of all operatively removed 
specimens of carcinoma of the rectum will have metastases to lymph nodes, 
and the more nodes examined, the gieatei the number per specimen which 
will show caicinoma 

Recognition of involved nodes by palpation is difficult or impossible where 
the nodes are small, since only 48 of hi lymph nodes containing carcinoma 
showed any gi oss change, even in ci oss-section of the node 

Tumors which are questionably operable because of the large size of the 
tumor and because of obesity in the patient may have no lymph node 
metastases 

Small tumors may have very extensive lymphatic node metastases 
Tumors having lymph node metastases tend to be of a higher classifica- 
tion, according to Brodeis’ grading, than those without metastases 

A high ligation and division of the superior hemoirhoidal arteiy, and of 
the lymphatics accompanying it, is desu able whei ever possible, since low-lying 
tumors may have high-lying metastases 

Where there is gross enlaigement of the high-lying nodes, with lymph 
blockade, there may be retrograde metastasis below the tumoi 

Where the tumoi is near the level of the levator am muscles, those muscles 
should be resected as widely as possible, since metastasis along them seems 
to be common 

Squamous cell carcinomata metastasize upward along the course of the 
superior hemorrhoidal artery, as well as laterally to the inguinal lymph nodes, 
when the mucosa is involved Therefore, a radical resection of the rectum 
should be performed whenever a squamous cell carcinoma has involved the 
mucosa 
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The Miles type of opeiation seems the ideal one from the standpoint of 
wide removal of the lymphatic node bearing area 
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Discussion — Dr Vernon C David (Chicago, 111 ) This is lathei dis- 
coui aging information It seems to me practically to indicate that the moie 
ladical piocedure attempted, and particularly the highei ligation of the supe- 
lior hemorrhoidal artery we do, the more likely we are to be above nodes 
which are involved, no matter what the position of the tumoi in the bowel 
may be 

We now are ligating the superior hemoirhoidal arteiy just distal to the 
fiist sigmoid branch, which usually, m the aveiage patient, is about two to 
two and one-thn d inches above the pi omontory of the saci urn 

One othei fact that seems to me of practical importance is that wheie 
nodes are palpable (and this work shows that they are not all palpable that 
are involved), and piesumably involved, there seems to occui a blockade of 
the 1101 mal spread of the disease along the vessels, and detouis aie made 111 
which nodes may occur 111 the retrograde lymphatic group as well as the 
lateral group , and therefore it has seemed to us that 111 cases of that type, we 
should start our dissection lateially at the level or plane of the ureteis and 
woik toward the bowel 

I feel vety sure that theie are othei lymphatics than those descnbed so 
adequately by Miles' that ti averse the well known routes described by him 
I am sure that all of us have seen caicmomata on the antenoi wall of the 
bowel of women where, without much adheience to the rectovaginal septum 
nodules have been found m the vaginal mucosa 

About a month and a half ago, we saw a woman foi the hist time with 
an otherwise operable caicinoma, the size of a dollar, on the lateial side of 
the bowel, not attached at all to the rectovaginal septum, that had a half 
dozen metastases 111 the vaginal mucosa No othei s could be found There- 
fore, that indicates that there may be other routes that aie certainly not 
favoiable, but I think they occui 

Dr Harvey B Stone (Baltnnoie, Md ) I think that both Doctois 
David and Gilchrist certainly deserve a great deal of lespect and admiration 
for the very painstaking and laborious piece of leseaich which they ha\e 
earned out Doctor Gilchrist, out of consideiation for oui patience, did not 
describe the veiy laborious, time-consuming technic lequired to cleai these 
specimens, to draw chaits of each one of them, to label each node found, and 
then to cori elate the microscopic study of those individual nodes with then 
position on the anatomic chaits It is leally an ovei whelming piece of work 
and ceitamly thiows valuable and nnpoitant light on a very piactical and 
alive surgical problem 

Many of the obseivations which they lecoided, of course, have been fore- 
shadowed by the woik of Miles and others, but it seems to me that theie are 
ceitain new points 01 points of lenewed emphasis that are well worth repeat- 
ing in this bnef commentary 

In the first place, I think that w e have all 1 eahzed that thei e w as no close 
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correlation between the size of the primary growths and the metastatic in- 
volvement, but my own reaching of that conclusion had not been based upon 
the finding of involved lymphatic nodes but rather upon the fact that I think 
all of us must occasionally have observed that sometimes a quite small 
primary growth in the lectum is accompanied by palpable nodules in the liver 
I had always explained that to myself as an accidental invasion of the 
blood vascular system with duect embolic transportation to the liver, but now 
the woik just presented shows that in addition to these presumably accidental 
metastases, one must loutmely expect the possibility at least of widespread 
lymphatic extension from comparatively small primary growths 

Anothei thing that amazed me was the number of nodes found in these 
specimens I had, from my own dissection and observations of specimens 
removed, concluded that an average of perhaps 15 01 18 nodes was the normal 
equipment of lymphatic apparatus m such specimens, and it is rather sur- 
prising to learn that, in this bulk of matenal, an aveiage of more than 52 
nodes was found pei specimen 

Furthermore, I think that the impoitant conclusion derivable from this 
entire woik is the light that it thiows on the still persisting controversy 
between the Miles type opeiation and that of Lockhai t-Mummery or some 
sleeve-type of lesection, 111 which eithei an attack from below or an effort 
to presei ve the sphinctei muscle is the pui pose of the operation 

I do not believe it is possible, 111 the face of the evidence here presented, to 
feel that one has done eveiytlung possible to perfoim a ladical removal of 
carcinoma of the lectum unless the Miles type operation is adopted as a 
standaid pioceduie It seems to me that with this evidence, no one can feel 
that a perineal resection by the Lockhai t-Mummeiy or any other type of 
attack from below can give any assui ance whatever that the metastatic nodular 
involvement has been removed 

I think another impoitant obseivation made is this, that we have all been 
taught, and piopeily so, that because nodes weie palpable, they were not 
necessarily involved Now, there is an even more impoitant corollary in these 
observations, which is that because nodes aie not palpable, is no proof that 
they are not involved 

Dr Ralph Colp (New T'ork, NY) I hesitate to show our series, be- 
cause I think as you glance at the slides you will come to the conclusion that 
we piobably have not been ladical enough in om abdominopei meal lesections, 
because the numbei of nodes which we found weie fai less, and certainly the 
number of cases which piesented metastasis weie fewei 

We originally started to dissect these nodes by the method advocated by 
McVay, Wood and Wilkie, but soon found we were missing a ceitain number, 
so we decided we would employ the method advocated by Westhue, which 
evidently is not as good as the one which Doctor David piesented The 
Westhue method is based upon a fixation in Kaiseiling I solution, then de- 
hydration in alcohol, and then finally cleai ed m methyl salicylate solution 
Up to date, Di S H Klein in out laboratory, undei Doctor Klemperer’s 
direction, has examined 18 cases, which I would like to present 

Table I details the findings in these 18 cases, all but two of which were 
operated upon m two stages by the Lahey proceduie We found some cases 
with only nine, 14, and 17 nodes and otheis with 30, 34 and 45 It is rather 
interesting that the case 111 which the fewest nodes were piesent was one in 
which a pei meal resection was pei formed because we felt that the patient 
would not tolerate an abdominopei meal lesection, and it is quite obvious that 
a great number of nodes wei e left behind In another case in which only nine 
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Table i 


CARCINOMA or THE RECTLM AND RECTOSIGMOID* 


Case No 

Lymph Nodes Found 

Lymph Nodes 
Containing 
Metastatic 

Carcinoma 

55620 

34 

5 

11239 

9 

0 

57590 

1 1 

0 

57702 

45 

0 

55869 

30 

0 

59575 

17 

4 

55802 

14 

0 

5U47 

19 

7 

8260 

4 (Hartmann operation) 

0 

58428 

14 

0 

53763 

15 

0 

57/63 

1 (Jones penneal resection) 

0 

59044 

13 

0 

53809 

28 

0 

57618 

3 

0 

11679 

22 

0 

5I9I5 

9 

0 

56108 

16 

0 


* The two stage Lahey procedure was performed m all cases unless 
otherwise specified 

nodes were found, a Haitmann type of opeiation was perfoimed, in -which 
the lower lectal segment was left m place 

Another mteiestmg point in this series is the paucity of metastases In 
one case in which 34 nodes weie found, only five weie involved In other 
cases, theie weie 17 with foui, 19 with seven, and 22 and 28 nodes without 
metastases In spite of the fact that all of these nodes were very carefully 
examined, no metastases weie found 

I agiee with Doctoi David that vety often a retrogiade metastasis may 
be present due to the plugging of the lymphatics, and m this series, two such 
cases were found Westhue, 111 his lepoit, stated that m 74 cases he found 
only one instance 111 which theie weie letrograde metastases and felt this 
could be discarded as having no clinical significance However, in this series 
m -which only three cases show ed metastases, tw o of them show ed e\ idence of 
retrograde metastases 

Figure 1 illustrates the nodes found 111 one case One w ill notice that some 
of these nodes wei e found distal to the tumor, and one node w as at a distance 
of 5 cm In the second case wdiich w r e had, one of these nodes was found n t 
a distance of 3 cm 

I think if these retrograde metastases can happen in a small series of cases, 
such as we have reported heie, it certamlv emphaswes, again, that the only 
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metastatic carcinomatous imolvement Note that the posi 
tive nodes are situated distal to the primal y growth 


type of operation which should be performed is a ladical abdominoperineal 
lesection, extending rather than some conseivative types of procedure, m 
which an attempt is made to preseive the sphincters 

Dr Edward Archibald (Monti eal, Canada) This paper of Doctors 
David and Gilchrist forms a welcome addition to oui knowledge of the spread 
m the lymph nodes m cases of rectal cancel, and one naturally asks oneself 
whethei then findings modify in any way the view geneially held m this coun- 
try that Miles’ abdominoperineal operation is supeiior, m ultimate lesults, to 
the Lockhart-Mummeiy resection of the rectum fiom the perineal side In 
the paper under discussion I noticed one thing particularly that, although 
the lymph nodes adjacent to the cancel might be found free of disease, a node 
situated farther up might be involved Such a fact tends to support the more 
extensive removal of the Miles opeiation There lemains, of course, the con- 
sideration of the question of opeiative mortality, and I think we must count 
it tiue that the Lockhart-Mummeiy will always show a better mortality rate 
after opeiation than the Miles procedure 
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One othei point in the piesent papei diaw's my attention — the lelative 
mfiequenc) of a spicad of the lymph node extension downwards, that is, 
ton aid the anus, and this bungs up once moie, at any late in the case of 
cancel situated tin ec inches 01 moie above the anal passage, the question of 
saung the sphmctei In 1907 1 I devised an operation which I hoped would 
combine the ad\ antages of a complete block dissection of lectal cancer thiough 
the abdomen, with the piesenation of the sphincter It involved the mobiliza- 
tion of the descending colon and at times even of the splenic flcxuie and the 
section of the sigmoid mesenten fai back, at the pentoneal leflection, so as 
to picsei\e the vasculai suppl) m the ai cades The mobilized sigmoid w'as 
brought down and sutuied to the anal stump of the lectum I finally gave up 
the opeiation because it was difficult to be suie of the maintenance of aiterial 
cu dilation m the sigmoid mesenteiy undei the opeiatne conditions of those 
da\s, when we did not know' how to pi event opeiative shock, and patients 
such as these often came oft the table with a vei\ low' blood piessuie, lasting 
for hours and a consequent impel feet cu dilation in the sigmoid stump In- 
jection experiments in the cada\ci, it is tuic, had demonstiated the patency 
of the levels in the sigmoid segment, when hi ought down without tension to 
the anal stump, but the injection expei iments had not been made at low' pres- 
suics.had indeed been made piobabh undei apiessmcfai highei than even 
noimal blood picssure, that is, with a syringe The lesult, chmcall), w'as too 
often neciosis ot the sigmoid stump, failme of union, and ultimate obstruc- 
tion fiom scar Dm mg the past few’ \eais I ha\e often thought that one 
might pei haps undei unpioxed opeiatne conditions as legal ds blood pres- 
suie ictuin to this opeiation and again make the attempt to sa\e the sphmctei 
P.ut two considerations still tend to block that path, at any late still ofter 
obstructions that must he sin mounted Of these, the fiist is the difficulty of 
securing primal \ healing of the anastomosis between the sigmoid and anal 
stumps, not onh because of the possible risk of impci feet cnculation but also 
because of the usk of infection Our modem methods of aseptic bow'el sutuie 
aftei lesection aie liardh feasible in the depths of the pelvis, whether one tries 
it from the abdomen 01 ftom the sacial side And secondly , modem appaiatus 
has succeeded in making the abdominal peimanent colostomy veij much less of 
a trial to the patient than in cailiei dajs Theie aie still patients, and not a 
tew, who say befoie opeiation that they would lather die than have a per- 
manent colostoim On the othei hand, theie does exist the diameti ically 
opposite view , and. if you will allow me to conclude on a somew'hat lighter 
note, I would quote the lemaik of a patient, recoided by one of otu Pans 
colleagues }eais ago, concerning the annoyance of the aitificial anus and the 
philosophic icsignation which that was supposed to demand This patient, 
finding that her colostoni} was w 01 king decidedly w'ell, and that she w r as not 
annoyed to ail} thing like the degiec wduch she had expected, said to her 
suigeon as he paid the final visit “Doctoi, I don’t see w'hy the good Loid 
didn’t put oui behinds in front , it’s much more convenient ! ” If all of out 
patients weie able to adopt the mental attitude lllustiated in this Fiench lady’s 
obseivation, the chief opposition to the ladical opeiation, with its peimanent 
colostomy, w'ould be oveicome Neveitheless, it is certain that many pei- 
fectly leasonable people wnll continue to view' an artificial anus as one of the 
gieat tnals of the flesh In this sense I still think that there will occur a 
sw'ing back to some method of pieseivmg the sphincter, when the cancer is 
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situated not too neat to the anal passage Such methods, of course, have been 
devised and published, but at present they seem to be relegated to the lumber- 
loft, m favor of the abdominoperineal and penneal methods 
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Cincinnati, Ohio 

I ROM Till IlVt AltTMINT OF SI R( Mil AND Till mVOlTMLNT OF INTHIVAL MUHCINL OI TIIF COLLIDE OF MLDICINF, 
IMMUMTl Ol CINC1NN ATI, \M> Tilt CINCINNATI FIMIHI HOSPITAL, CINCINNATI OHIO 

In 1925, Reid 1 published a senes of foui papeis undei the geneial title 
ot “Studies 011 '\bnoimal Aiteriovenous Communications, Acquired and 
Congenital * In these ai tides the htciatuie of the subject was rather exten- 
sneh leuewcd He put foiwaid the thesis that theie was no essential 
diffcienee, except 111 the M/e and numbei of ai tci lovenous fistulae, between 
angiomata cusoid aneuiysms and aitei lovenous aneuiysms, and this view 
has been latliei gencialh confiimcd 

Thu t\ -tin ee cases weic lcpoited and the clinical studies of them, togethei 
with laboiaton lmestigation foimed the basis foi ceitain lemaiks concern- 
ing the eft eels upon the both of abnoimal aiteriovenous communications, and 
their tieatmcnt At that time the autlioi realized that theie w f ere many mat- 
leis m connection with this subject wdnch had not been solved, that fuither 
investigations of it would Meld lmpoitant physiologic, pathologic and thera- 
peutic obscnations This has not only pio\en to be tine, as witnessed by the 
unpoitant contributions upon the subject, but has led to by-paths which give 
piomise of )ielding unpoitant obscnations concerning conditions wdnch are 
more ficqucnth cncounteicd than ate abnoimal ai lei lovenous communica- 
tions We lmc m mind caidiac disabilities cspcciallv aoitic insufficiency and 
cardiac failuie, the state of the capillary bed, the noimal absence of capillaries 
m certain paits of the human body and of other animals,- blood -volume, 
cu dilation time, etc Indeed, lately has the imcstigation of such an mfie- 
quent duucal condition been so fnutful of unpoitant collateial conti lbutions 
This field of imcstigation seems limitless, foi new pioblems always present 
themselves, and theie aie still many old ones which have not been solved 
The pm pose of this icpoit is to picsent anothei senes of 30 cases (12 in 
detail), to discuss oui clinical obscnations and suigical pioceduies and to 
supplement, wdiene\ei pcitmcnt, these clinical studies fiom obseivations made 
m our laboratoiy of cxpenmental suigciy 

In this paper aic included all the cases w r e have had since Reid 1 published 
lus senes of 33 cases, in 1925 Seveial of this senes have been published 
picviously m considei able detail and aie included heie only 111 the synopsis 
of cases (Table I) Wheie this has been done full lefeience is given to 
publications m wdnch complete details may be found They aie included hete 
again foi tw r o reasons First, w t c wished to use data fiom them 111 oui general 
discussion of the subject of abnoimal aitenovenous communications, second, 
latei obseivations on these cases may be of interest to someone None of the 
12 cases lepoited in detail m this papei has ever been published before 
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Case 13 — Massachussets General Hospital No 29001 and No 29001 R A This 
patient was first admitted to the hospital May 5, 1931 At that time he was 31 years 
old At about the age of 15 he injured his right leg with a hand sickle The point of 
the blade entered the anterior surface of the leg lateral to the tibial crest and about 
two inches below the tibial tubercle There was profuse bleeding which was controlled 
by a tourniquet until the wound was sutured During the following years there was no 
disability, but the patient noticed that the right leg was a little larger and possibly longer 
than the left There was no shortness of breath, even when rowing at college or -when 
skiing 

The patient first came for examination because of the accidental discovery of a 
tumor, thrill and bruit in the region of the old sickle scar, when he was examined and 
treated for a sprained ankle Shortly after this he came to Dr A W Allen of Boston 
for the treatment of an arteriovenous aneurysm On his first admission to the hospital 
moderate varicose veins were noted , the right calf measured 38 cm and the left 35 JA 
cm , heart sounds were normal , blood pressure 140/80 Maximum pulsation, thrill 
and bruit were noted in the popliteal space, but the bruit could be heard over the entire 
femoral artery and its branches, as well as all about the knee and just below it 

Operation — May 8, 1931 Doctor Allen ligated and divided a large arterj, low in 
the popliteal space, which he thought to be the posterior tibial The vein was not dis- 
turbed and great care was taken not to injure the posterior tibial nerve The actual 
fistula was thought to be lower in the leg, but inasmuch as the ligation of the artery 
caused the thrill and bruit to disappear, no attempt was made to close it After the com- 
pletion of the operation, a pulse could be felt in the anterior tibial arterj 

Two weeks after this operation a “toe-drop” developed and an area of anesthesia 
on the dorsum of the foot and ankle could be demonstrated Some reddened areas just 
above the ankle were noted and they soon developed into a chronic ulcer which would 
not heal and occasionally bled profusely A soft bruit and later a thrill made their 
reappearance in the region of the old stab wound 

During the j r ear following this first operation the signs of an arteriovenous aneurysm 
became progressively more pronounced until they were almost as evident as before the 
operation The patient wore a brace with a right-angle ankle stop for his partial peroneal 
nerve palsy, the ulcer refused to heal and occasionally bled During this year it was 
necessary for him to use crutches all of the time In October of 1931, Dr F R Ober 
noted a barely palpable pulse in the dorsalis pedis artery and a good pulse in the posterior 
tibial In addition to confirming the diagnosis of partial paralysis of the peroneal nerve, 
he observed that a shortened Achilles tendon limited dorsal flexion of the ankle about 20 
degrees 

About a year after the first operation Doctors Allen and Reid saw this patient to- 
gether The circulation of the foot and ankle was definitely impaired, although feeble 
pedal pulses could be felt The chronic ulcer above the ankle was about the size of a 
silver dollar, grayish, cjanotic m appearance and exhibited no evidences of healing In 
the skin about the knee and upper leg the veins were so numerous and distended as to 
give an angiomatous appearance Anteriorly at the site of the stab a forceful pulsation 
could be felt Here and all about the knee was a distinct thrill The loud continuous 
bruit, with systolic intensification, could be heard, with diminishing intensity, up to the 
groin and down to the ankle The femoral and popliteal arteries appeared to be two or 
three times their normal size Occlusion of the arteriovenous fistula bv direct pressure 
caused, after a very short time, a definite increase in the volume of the pedal pulses 
and a slowing of eight to ten beats in the heart rate The action of the heart was 
regular and no enlargement was demonstrated by phj'sical examination At the time of 
these studies (Maj r , 1932) an extirpation of the fistula was advised 

Second Opeiahon — August 9, 1932 Doctors Allen and Reid The duration of the 
operation (five hours) bespeaks the tediousness of the procedure and the great vascularitj 
brought about bj the secondarj r angiomatous condition of the tissues, as well as the 
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technical difficulty of attacking directly an arteriovenous fistula situated at the bifurca- 
tion of the popliteal aiten Figures i and 2 make unnecessary an extended description 
of the operative procedure The appioach, as in the first operation, was again made 



Pig 1 — Cisc i-? Arteriovenous incur>sm between pophteil vessels it the level of 
origin of the interior tibnl vessels The irtcrj wis ligited 11 months before this opeia 
tion The pcroneil nerve is infiltritcd with lirgc blood vessels which ciused its pirtial 
piraljsis 

through the popliteal space The popliteal artery was about three times its normal size 
and very thm-walled , it was completely occluded about one inch above its bifurcation 
The enormous popliteal vein was intact and through its wall could be seen the play of 
mixing arterial and venous blood The peroneal nerve presented a remarkable an- 
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giomatous appearance, as if threads of veins had been woven throughout the five or six 
inches which were exposed In the absence of neuromata or any evidence of scarring 



Fig 2 — Case 13 The opeiation as completed The quadruple ligations were of 
fected with tape and anchored with transfixion sutures of silk The fistula ins closed 
with transfixion sutures (see insert) of braided silk because of the technical difficulty of 
exposing the anterior tibial vessels from a posterior approach 


or injury, we attributed its partial paralysis to this vascular change within it and, 
as we shall see from future observations, that was correct The fistula was just at the 
bifurcation of the popliteal artery and vein — a very difficult situation because of the 
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fixation of all vessels at this point by the opening m the interosseous membrane It was 
not particularly difficult to fiee the popliteal vessels down to the point of their bifurca- 
tion and the site of the arteriovenous aneurysm, with more difficulty the posterior tibial 
\cssels beyond the communication were dissected free The fistula being located practi- 
cally in the foramen of the interosseous membrane, the freeing of the anterior tibial ves- 
sels from a postenor approach presented a vastly more difficult problem and would have 
resulted in prolonging the operation considerably Finally it occurred to us to terminate 
the operation as illustrated — ligation and division of the popliteal vessels near the fistula, 
ligation of the posterior tibial vessels just be\ond the fistula, and transfixing occluding 
sutures of the fistula just opposite the origin of the anterior tibial vessels The fistula 
was not excised At the conclusion of the operation no thrill could be felt, with a 
sterile stethoscope no bruit could be heard Throughout the operation silk and tape, 
varying in si 7 c to correspond to the si 7 c of the vessels to be ligated, were employed 
Tiie wound was closed with fine silk, without drainage 

\t the completion of the operation the cn dilation of the foot appeared better, the 
pedal pulses stronger, and the granulations of the ulcer redder and more healthy The 
operative wound healed without am complications Five days after the aneurysmal 
operation the patient developed acute appendicitis and was operated upon for it Except 
for this his convalescence was exceedingly easy and he was discharged 17 days after 
admission 

Subscqm lit C own — The circulation in Ins foot continued to improve and the ulcer 
promptly began to heal Three months after the operation, it was completely healed 
O11 November 22 1032, Doctor Ober performed a “Z 1 plastic operation to lengthen the 
\clulles tendon Within six months all evidence of am paralysis of the peroneal nerve 
had disappeared <\t the present time (November 1937) the patient has no disability 
or evidences of circulatorv embarrassment in the right leg There are no signs of an 
arteriovenous fistula 

In the interval between the first and second operations, the patient was confined to the 
use of crutches in order to get about, within a vear after the second operation, he was 
again skiing and enjoving Ins usual sports without any apparent disabilitv 

Case 24 — Cincinnati General Hospital No 73329 A colored man, age 30, was 
admitted to the hospital \pril 16, 1937, with an enormously enlarged heart, auricular 
fibrillation and cardiac decompensation lie was dvspneic, the liver was enlarged and 
there was ascites Rales were present at the bases of both lungs A loud systolic mur- 
mur could be heard over the heart The left leg was swollen and edematous A large 
.arteriovenous aneurysm was evident in the left groin at about the level of the profunda 
femoris artcrv (Fig 6) The artery proximal to this point was enormously dilated 
Pulse was verv irregular, averaging about 79 at the wrist, but there was a marked pulse 
deficit Blood pressure 160/50 

Fifteen years previouslv he had received a gunshot wound 111 the left groin, which was 
not followed by severe bleeding and did not rccpnrc hospitali 7 ation The patient per- 
formed hard manual work as a 1 abroad fireman until foui months before entering the 
hospital, although on careful questioning he had had some dyspnea for the previous two 
vears The patient dated lus illness back only' four months when he was forced to go 
to bed because of dvspnca, anginal attacks, and swelling of the abdomen After a 
short rest he resumed woik but was soon forced to bed by another attack of cardiac 
decompensation and severe cardiac pain This story repeated itself once or twice until, 
finally, after being 111 bed for ten days he agreed to come to the hospital 

Two days after admission to the hospital he had a chill, lus temperatuie rose to 
toi 0 F , the left leg became markedly swollen He evidently had developed extensive 
thrombophlebitis in the left leg Another dull occurred three days later, the ascites 
increased , the patient became progressively worse 111 spite of all therapy' which included, 
principally, morphine for Ins pain and digitalis for Ins cardiac failure He became cyanotic 
and orthopneic , a severe cough developed 
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On April 21, 1937, five days after admission, his venous pressure in the right arm 
was 25 cm of water with no change after occlusion of the aneurysm Three days after 
entering the hospital his blood pressure, with the fistula open was 140/40, and with it 
closed 190/90 During this test it was noted that pulses became palpable 111 the foot 
when the fistula was occluded 



Fig 3 — Case 24 Enormously dilated -vessels exposed, revealing the region of fistula 

buried in dense scar tissue 


With the patient steadily going down hill, and developing a decubitus ulcer, it was 
felt that his only hope was an attempt to eliminate surgically the arteriovenous fistula 
O pet at ton — May 8, 1937 Under local anesthesia and with the patient 111 the sitting 
or orthopneic position, the operative procedure as illustrated m Figures 3, 4 an ^ 5 was 
undertaken The aneurysm was not excised, both because of the technical difficulties in 
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dealing with the \ein and the serious condition of the patient, but the fistula was firmly 
occluded b\ transfixion sutures of braided silk, after dividing the artery proximal and 
distal to the fistula and ligating the vein distally (Fig 5) 

The femoral arter\ was the largest aitery Reid had ever ligated — moie than one 
inch in diamctei Its V'all w>as so thin that blood actually oozed through it proximally 



Tig 4 — Cise 24 Pernor'll irtcrj nbo\c and below fistula divided, vein distil to fistula 

ligated 

when the ligature of tape was tied This w'as a precarious moment but fortunately 
the bleeding stopped under gentle pressure with gauze 

Immediately after eliminating the fistula the patient volunteered the information that 
lus heart had not felt "so good in 15 years” The thm-walled, oozing artery was rein- 
forced by an overlapping with Scarpa’s fascia The wound was closed with silk, with- 
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out drainage The wound healed per primam, without any complications The patient’s 
postoperative course was uneventful, except for some fever for five days due to his 
phlebitis The action of his heart became regular on the operating table and remained 
so afterwards Three hours after the operation his pulse was 40 per minute After re- 
maining at this slow rate for two hours, it gradually began to rise to between 60 and 
70 where it remained except for occasional lowering to a rate of 50 His blood pressure 
reached a peak of 190/100, two hours after the operation, and gradually came down to 
130/90, where it seemed to be stabilized at the time of the patient’s discharge from the 
hospital, 23 days postoperative 

Subsequent Com sc — This patient has been watched closely since leaving the hos- 
pital The heart has decreased markedly m size, as shown by the teleoroentgenograms 



I'm S — Cuse 24 remoral vein oposite fistuh pierced -with two strands of braided silk 
which Mere divided to form a V and then tied so as to occlude the fistula completel} 


(Fig 7) The murmur has disappeared The heart rate is regular at 80 Blood pres- 
sure 110/75 The venous pressure is 5 cm of water The swelling of the leg has dis- 
appeared There are good pulses in the left foot The ascites has disappeared The 
liver has returned beneath the costal margin The patient is able to work without an> 
difficulty except for the annoyance of an elastic stocking which he wears for varicose 
veins of his left leg 

Case 18 — Holmes Hospital No 340642 A white woman, age 35, was accidentally 
shot April 17, 1934 The bullet entered the left scapular region, passed through the 
axilla and lodged in the left anterior chest wall Immediately after she was shot, she was 
unable to move the left hand and arm, which felt numb At the time of admission to her 
local hospital the hand had become swollen, and she developed a large hematoma, about 
the size of a “football,” in the region of the left axilla She was hospitalized for two weeks, 
during which time the arm was abducted and elevated There was a gradual decrease m 
the swelling of the hand, as well as thai in the axilla The nerve sensation improved except 
for the areas innervated by the ulnar nerve, which apparently remained completely para 
lyzed Before leaving the hospital she was conscious of a noise which she could hear in 
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her left car A loud bruit and thrill were demonstrable She was told that she had 
an aneurysm 

She returned to the local hospital, Maj 18, 1934, and was operated upon, “at which 
time she lost a lot of blood ” The bullet was said to be lodged in the vein at the site of the 
fistula The vein was tied and the wound was packed with gau7e She remained in the 
hospital one month, and dui ing this time there was considerable decrease in the swelling of 




Tig 6 — Case 24 Region of fistula before opcrition and ten dijs afterward 
The cur\cd incision was made in order to a\oid the ticmcndouslj dilated \eins 

the axilla and arm About the middle of September, 1934, there was noted a return of the 
bruit and thrill Also at this time there was a slight increase in the swelling of the arm, 
the veins about the shoulder became prominent From that time on until her admission 
to the Holmes Hospital there v r as a gradual increase m the numbness of the left hand and, 
in addition to the paralysis of the ulnar nerve, she developed a typical v'rist-drop, and 
practically a complete uselessness of the hand 

On admission to the Holmes Hospital, November 19, 1934, she presented a large 
swollen left arm, a big irregular scar which extended from just below the inner end of 
the clavicle to the humerus at the attachment of the pectorahs major muscle About the 
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after operation No 4 — Seven months after operation No 5 Ten months after operation 



A olume 10S 
Number 4 


ARTERIOVENOUS ANEURYSMS 


middle of this scar and approximately one inch below the clavicle, there was an area of 
pulsation accompanied by a ter\ pronounced thrill and bruit This bruit could be heard 



I ir S — Case lS \rterv held ui> show iiir the sit) erior unteriov enous fistuh, 

“■cur (S) in artcrv of previous inferior fistuh, nerves litir ctl in scar tissue, unci 
blind ends of inferior veil” conntcs 

down the arm to the left radnl artcrv 1 here were no cardiac murmurs The blood 
pitssure in the right arm was noted to be elevated ten mm of Hg when the fistula was oc- 



Tir g — Case 18 Artery resected and held up, nerves partially freed Note scar 
in artery from previous operation and blind ends of inferior vein 

eluded by pressure The pulse dropped from 86 to 72 on one observation, and from 100 

to 84 on another when the subclavian artery was occluded The fingers of the left hand 
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were markedly atrophied The thumb was involuntarily abducted The patient was 
unable to flex or extend the wrist There was a moderate loss of sensation over the 
anterior aspect of the lower third of the left forearm The blood pressure m the left arm 



Fig io — Case 18 Sites of ligatures in the process of excising artery and vein 


was 88/56, in the right arm with the aneurysm open, 102/66, and with the aneurysm 
closed, 112/76 Oscillometric readings in the left arm were a maximum of 3 units and in the 
right a maximum of 5 The measurements of the left arm, after the swelling had sub- 
sided, showed a decrease of about 1 cm , as compared with the right 



A teleoroentgenogram of the heart showed no definite enlargement, and there was 
no change in its size when the fistula was closed On fluoroscopic examination there was 
no change in the size of the heart, even though a slowing of 20 beats per minute occurred 
when the fistula was closed 

Second Opnatwn — Holmes Hospital, November 22, 1934 It required four hours 
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of painstaking dissection to excise the scar tissue and to free the nerves, as well as to 
expose the site of the fistula The operation is best appreciated by referring to Figures 
8, 9, io and u A fistula was found between the axillary artery and a vein which lay 
above the artery An old scar m the artery was also found, as well as the occluded vein, 
the result of the first operation It was apparent that the bullet had pierced two veins 
and the arten, establishing a double arteriovenous fistula, that is, a communication 
between the ai tery and the vein above it and the vein below it The first operation cured 
one of these fistulae, but had not affected the other 

After excising the scar tissue, which was exceedingly difficult to free from the nerves, 
the axillan arten and \cin were remo\ed Silk was used for ligating the stumps of the 
\essels The wound was closed without drainage Following the operation there was 
no impairment of circulation to the hand, m fact, it was definitely improved, although 
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Fir i2 — Oise 23 Artcrioienous it inse of skull Impossible to dissect jug 

ulir \eiti ind intertill cirotid irtcr\ iboic it I'-ilsc nicur\sm in irter> 

no radial pulse could be felt The wound healed without any difficulty and the patient 
was discharged 13 da\s postoperatne 

Subsequent Cow sc — This patient has been followed at various intervals since the 
operation On March 23, 1937, there w T as no paralysis of the arm or any impairment of 
sensation There w r as verv slight weakness All of the nerves seemed to have completely 
recovered their function 

The last examination was made in January, 1938, at which tune there was no impair- 
ment of function or sensation in her arm or hand The arm w'as not swollen The 
mterossei muscles of the hand had not returned completely to their normal size, although 
there w r as no disability in the use of these muscles 

Case 23 — Cincinnati General Hospital No 63741 Ihe patient, a colored man, age 
53, w'as admitted first to the hospital August 12, 1933, suffering from multiple gunshot 
wounds of the left chest and one at the angle of the left jaw Associated with this 
wound in the neck there was a large hematoma which m the course of about three days 
developed the typical characteristics of an arteriovenous aneurysm A roentgenologic 
examination showed the bullet lying m the soft parts of the neck just to the left of the 
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midline In its course it had penetrated the angle of the jaw but the fracture did not 
extend entirely through the mandible The size of the heart was carefully noted by 
means of a teleoroentgenogram The gunshot wounds healed without complications and 
the patient was discharged September 30, 1933 It was our plan to postpone the opera- 
tion for two reasons First, to allow an adequate time for the development of collateral 
circulation , and second, to see if the fistula would close spontaneously The patient was 



Fig 13- Case 23 Jugular \em divided and being twisted up so as to occlude 

artericnenous fistula 


watched in the Out-Patient Clinic from the time of his discharge until his readmission, 
October 29, 1936 He consented to come in at this time for operation because of in- 
creasing pulsation in his neck, ringing in the ear and spells of dizziness During the two 
months preceding this admission, he had fallen backwards and to the left during these 
attacks of dizziness In addition to these symptoms he had had some questionable dif- 
ficulty in speaking and intermittent blurring of vision, associated with diplopia and an 
increased sweating of the left face 

At this time there was noted a swelling between the angle of the jaw and the lobe 
of the ear which was about the size of an egg This was definitely pulsatile and ex 
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hibited a very loud thrill and bruit The bruit could be heard up as fai as the temporal 
region and down the neck to the clavicle There were no enlarged veins in the sub- 
cutaneous tissue of the neck or face No weakness could be detected in the eye muscles 
The fundi appeared to be normal The patient complained of having double vision when 
he tried to look straight forward, in any of the lateral, superior or inferior directions he 
did not see double Theie was no demonstrable weakness in the extremities of either side 
Oscillometric readings were normal in all extremities Venous pressure m the arm was 
62 Iif m of watei 

An electrocardiogram showed sinus tachycardia Tg was diphasic and of low voltage 
Diagnosis “Minimal evidence or mvocardial disease” A roentgenogiam of the skull, on 
this last admission, showed several metallic fragments in the neck, one of which was at 



I'ig 14 — Case 23 Jupulir 'em twisted pushed into juguhr tollmen ind inchored so os to 

occlude the irtcrio'enous fistiili 


the level of the second cervical vertebra The bones of the skull were apparently normal 
No demonstrable enlargement of the heart could be noted Branham’s bradycardic phe- 
nomenon was not demonstrable Blood pressure in both arms before the operation 
was 124/86 

Opciahon — November 6, 1934 Under local anesthesia, the carotid artery, its 
branches, the jugular vein and vagus nerve were carefully freed up to the level of the 
posterior belly of the digastric muscle This dissection was rather tedious because there 
were some large branches of the jugular vein which had to be carefully dissected free, 
ligated and divided The fistula was located just at the base of the skull, and in the 
artery opposite the fistula there was an aneurysmal dilatation about the size of an olive 
This extended up to the foramen in the skull Communication with the internal jugular 
vein was so near to the base of the skull that one could not possiblv free the vein beyond 
this point The internal carotid artery was quite tortuous and about twice its normal 
size When the dissection was fairly well completed, it was possible to see the arterial 
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Fig 15 — Case 23 Photograph 
of specimen removed at autopsy 
three years and eight months after 
operation Tistula closed, arterial 
aneur\sm healed 


blood squirting into the jugular vein, forming whorls 
which were easily visible through the wall of the vein 
The operator was never in quite such a quandary, 
it was obvious that the involved artery and vein could 
not be excised because it would be impossible to ligate 
the distal stumps of the excised vessels For some time 
the interna! carotid artery and jugular vein were com- 
pressed at the same time, this, of course, appeared to 
stop the thrill and bruit, but the patient after several 
minutes began to become dizzy and showed obvious 
ceiebral anemia This convinced the operator that it 
would be necessary to try, at all hazards, to preserve the 
continuity of the internal carotid artery The fistulous 
connection was so high that it could not be isolated 
enough to ligate it, neither could sutures be placed 
directly through the wall of the vein at this point 
Finallj, the jugular vein was divided low in the neck 
and the distal portion twisted until it definitely occluded 
the arteriovenous communication (Figs 12, 13 and 14) 
After this, the twisted jugular vein was pushed forcibly 
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1 

Fig 16 — Case 23 Illustration of specimen removed at au 
topsy, with flap of healed arterial aneurysm turned back, showing 
site of fistula and restored lumen of the internal carotid artery 

up toward the jugular foramen of the skull and held in this position by means of anchoring 
sutures, and a purse string suture, which caught some of the parotid gland and the fascia 
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m the bed of the jugular vein This kept the twisted segment of vein from untwisting 
and kept it m position to block the communication At the completion of the operation, 
and before closure of the wound, no bruit could be detected by means of a sterilized 
stethoscope The wound was closed with interrupted, fine silk sutures 

It was interesting to note the fluctuations of the blood pressure during 
the course of the opeiation The opeiation was begun at 8 40 About one- 
half houi later, when the caiotid sinus was being caiefully dissected, there 
was a noticeable use 111 the blood pressure, reaching a peak of 1 60/1 10 The 
piessuie when the opeiation was begun was 120/100 The elevated blood 
pressure was maintained for about one and one-half horns and then gradually 
dropped down to a little bit below what it had been dunng the manipulation 
It was a very good clinical lllustiation of the use 111 blood piessure during 
the manipulation of the caiotid sinus The opeiation lequired about three 
hours At 1 00 p m , about one hour aftei the operation, the blood pressure 
had gone back up to 1 70/1 10 It was still at tins level at ten o’clock on the 
evening of the operation B) 9 30 o'clock of the next morning the blood 
pressuie had diopped to 85/60, at 11 30 it was 94/64 On November 8, it 
was 120/80 On the ninth, it was 135/80, and on the succeeding days, up to 
the tune of the patient’s dischaige from the hospital, Novembei 18, 1936, it 
langed aiound 135/95 

Folloiv-Up — When this patient was seen 111 the Follow-Up Clinic, Januarv 20, 1937, 
there was no evidence of am arterio\ enous communication The patient’s symptoms had 
practicalh disappeared His onh discomfort was a slight annoyance due to the diusion 
of the twefth nerve at the time of operation It was necessary to sacrifice this nerve in 
order to free the vessels sufficienth far up toward the communication 

The patient was sent for, February 1, 1938, for a follov f -up stud}, and it w r as found 
that he was suffering from extensne bilateral pulmonan tuberculosis He was admitted 
to the hospital and died from his tuberculosis about two w'eeks later The autopsy show r ed 
that the fistula was completch healed and that the false aneunsm of the artery w r as 
filled with rather firmh organized blood clot Through this clot the arten had assumed 
more or less its normal size The \em distal to the fistula was also occluded (Figs 
15 and 16) 

Case 29 — Cincinnati General Hospital No 80815 The patient, white, male, age 18, 
was admitted to the hospital October 10, 1937, with a gunshot wound of the right popliteal 
space The bullet entered approximate!} the middle of this space and came out in the 
anterior part of the low’er leg at about the junction of its upper and middle thirds There 
w r as a considerable hematoma, but no serious external bleeding Within 24 hours the 
presence of an arterio\ enous aneurysm was evident from the characteristic thrill and 
bruit The patient w r as kept in the hospital for 18 da^s, during w’hich tune the wound 
healed without infection , careful observations w r ere made upon the heart and peripheral 
circulation At the time of his discharge no pulse could be felt m the right foot, but the 
circulation seemed to be adequate No nerve injuries w’ere noted on admission, nor had 
an} developed before he left the hospital He was sent home to wait for the development 
of an adequate collateral circulation and the absorption of the hematoma before consider- 
ing any curative surgical procedures 

He W'as seen again in the Follow'-Up Clinic December 19, 1937, with no special com- 
plaints except a tendency of the right leg to become cold At that time no pulses could 
be felt in the right foot The hematoma had become largely absorbed and the tissues of 
the popliteal space w r ere becoming soft The signs of the fistula w'ere more evident and 
there were no evidences of cardiac disability 
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He was seen again January 23, 1938, when practically the same observations were 
made At this time he complained of a little pain m the right knee joint after using his 
leg for a considerable time 

By February 10, 1938, it was felt that there was sufficient collateral circulation to 
undertake a curative operation Besides, the studies of the leg showed that the proximal 
artery was definitely dilated This was confirmed both by palpation and oscillometric 
studies Average pulse, 65, average blood pressure, 100/64 No pulse could be felt 
below the knee On numerous observations the patient exhibited the typical Branham’s 
bradycardic phenomenon, the average drop in pulse rate on closure of the fistula being 
nine beats On a few observations there were no striking changes in the blood pressure 



Fig 17 — Case 29 — Popliteal arterio\enous 
aneurysm Large false arterial aneurysm opposite 
fistula and extending anteuorly Communication 
is with only one branch of the popliteal rein which 
dmded high 



Tig 18 — Case 29 Complete extirpation of the 
iniohed popliteal ressels 


after occluding the fistula There were no noticeable changes in the general venous pres- 
sure following occlusion of the fistula In the left femoral vein it was 4 >4 cm of water 
when the fistula was open and the same when it was occluded In the right femoral vein 
it was 5% cm of water with the fistula open and 4^2 cm when it was occluded In the 
right and left antecubital vein the venous pressure remained about 10 cm of water with 
the fistula open or closed The circulation time m the right femoral vein axeraged, with 
the fistula open, 13 6 seconds , with it closed, 17 3 seconds The circulation time in the left 
femoral vein, with the fistula closed, was 146 seconds and 15 1 seconds xvith it open The 
circulation time as measured in the left antecubital vein was 16 8 seconds when the fistula 
was open Roentgenologic studies did not demonstrate any appreciable enlargement of 
the heart On fluoroscopy, the pulmonary conus was moderately prominent with unusuallv 
vigorous pulsations The heart became approximately one-quarter smaller with occlusion 
The blood volume xvas 5,200 cc October 28, 1937, and on February 12, 1938, was 
4,900 cc 
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Opei at ion —February 1 6, 1938 Ether anesthesia The patient was placed on his 
abdomen and put in the Trendelenburg position so that the right leg would be well above 
the level of lus heart The operation consisted of excision of the femoral artery and vein 
The fistula was located about one-half inch above the bifurcation of the femoral arterj 
At this point the femoral vein was already divided into two vena comites The fistula 
communicated with only one of these In the artery opposite the fistula there was a 
false arteriovenous aneurysm about the size of an English walnut This projected 
directly anteriorly Ihe operative procedure is illustrated in Figures 17 and 18 The 
operation was rendered rathei difficult because of the danger of injuring the nerves , 
also, because of the fact that the vessels could not be very well delivered, as they weie 
tied down by the anterior tibial branches of the femoral artery The large vessels were 
ligated with double braided silk, the smaller vessels with very fine silk The proximal 
artery was definitely dilated to about half again its normal size 

The knee was completely immobilized by a crinoline encasement On the following 
morning good pulses could be easily detected 111 both the dorsalis pedis and posterior 
tibial vessels These have remained good, although the volume has lessened somewhat 
since about the third day postoperative 

Three weks after operation the pulse was 48, blood pressure, 102/60, and blood 
volume, 5,300 cc In the right and left arms and right femoral vein, the venous pressure 
was 7 75 cm of H a O The circulation time m the right femoral vein was 17 6 seconds 
In the right arm the circulation time was 196 seconds 

Case 25 — Cincinnati Geneial Hospital No 73338 The jratient, white, male, age 19, 
was admitted to the hospital April 16, 1937, because of a pulsating mass below and behind 
the right ear This was not causing any trouble, except that he wished to have it ie- 
rnoved in order to be made eligible for admission into the U S Navy He had previously 
been in the hospital in Septembei, 1936, for the repair of a left, indirect inguinal hernia 
It was not noted at that tune that he had a cirsoid ancuiysm of lus neck The lesion 
had evidenth growm consideiably between that admission and the one of April, 1937 
The patient believed that there had been something wTong with the blood vessels in his 
neck since infancy There was no history of any injury It in no way incapacitated him, 
but he was becoming more and more conscious of a roaring noise in the right ear, espe- 
cially when lying dowm He had engaged in strenuous wmrk and athletics without any 
evidences of cardiac disability 

Just behind and below' the right ear there was a visible pulsation, over which one 
could feel a strong thrill and on auscultation hear a loud and typical to-and-fro arterio- 
venous bruit The carotid artery on this side appeared to be definitely enlarged Com- 
pression of it caused the bruit to disappear and the swelling to collapse The external 
jugular vein was much enlarged and carried a strong bruit Firm pressure directly 
below the tip of the ear made this bruit almost disappear When the patient bent his 
head fonvard the swelling became definitely larger and he occasionally felt a slight 
numb sensation m the region of the eai However, none of the nerves w'ere apparently 
involved 

A teleoroentgenogram of the heart show'ed no enlargement Blood pressure in the 
right arm averaged 120/60, and m the left arm, 100/50 Neithei blood pressure was 
noticeably affected by occluding the fistula The pulse w r as 70 and it was not slowed by 
pressure over the aneurysm Venous pressures in the right arm were 12 5 cm of water, 
and in the left, 11 cm Circulation time in the left arm was 164 seconds Blood volume, 
6,950 cc 

Opoatton — May 4, 1937 (Figs 19, 20, 21 and 22) Local anesthesia In the process 
of dissection the digastric and stylohyoid muscles, the posterior occipital, external, internal 
and the common carotid vessels, the hypoglossal nerve and the lower margin of the 
parotid gland were all exposed Occlusion of the external jugular vein at a point low 
in the neck caused rapid dilatation distal to the occlusion, and through the wall of the 
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vein arterial blood could be seen swirling from the force of the arterial communications 
Occlusion of the external caiotid aitery stopped the swirling, the bruit and the thrill 



communications with the huge occipital carotid Ligation of three definite arterio 

arterj External caiotid is also \er> \enous communications 

large 

Occlusion of the internal carotid artery did not affect it The external carotid artery was 
noticeably dilated, measuring i 4 cm in diameter, while the internal carotid arterj meas- 
ured only 0 8 cm m diameter The posterior occipital artery was tremendously enlarged, 



Tic 21 — Case 25 Twisting of the ex Tu, 22 — Case 25 Twisted external 

ternal jugular vein to occlude anj other fistula jugular vein anchored to the sternomastoid 
which maj be higher muscle, in order to prevent its untwisting 

measuring 0 g cm in diameter During the process of freeing the bifurcation of the com- 
mon carotid artery, the pulse dropped from 100 to 80 

The occipital arterj' was ligated twice with braided silk first, at its point of dis- 
appearance behind the parotid gland and again at the point of its origin from the carotid 
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artery The external carotid artery was ligated with heavy tape just above its origin 
from the common carotid 

The external jugular vein was then freed low in the neck and divided It was dis- 
sected upward to the point of its disappearence deep in the parotid gland In this region 
numerous vessels communicating with the occipital artery were encountered As these 
communicating vessels were ligated, activity within the vein became less, but not until 
one high up in the neck, approximately one-quarter inch in diameter, was ligated did 
the vein collapse and all activity stop At this time, no bruit could be heard through a 
sterile stethoscope The patient said that the noises in his head, to which he had become 
accustomed, had ceased 

In order to obliterate any othei communications which might not have been discov- 
ered, the long segment of external jugular vein was twisted until it became a very small 
cord This was anchored to the sternomastoid muscle in such a way that it could not 
untwist Closure was then made 

with interrupted, fine silk sutures — - "" "”j 

Following the operation there was 
no noticeable change in the pulse 
rate This patient has been seen 
on numerous occasions since the 
operation, the last time being Feb- 
ruary 5, 1938, at which time there 
was no evidence of any recurrence 
of the cirsoid aneuiysm 

Immediately after the opera- 
tion, the blood pressure in the left 
arm was 140/25 , this was at 1 00 
PM By 11 00 pm the blood 
pressure was 120/60 On the fol- 
lowing day, it was 110/65, and 
thereafter it ranged around 115/60 
This fluctuation in blood pressure 
immediately after operation was 
no doubt connected with manipu- 
lation of the carotid sinus On 
February 9, 1938, the venous pres- 
sure was 11 5 cm of water in 
the right arm Circulation time 
in the left arm was 124 seconds , 
in the right arm, 12 seconds 
Blood volume on May 15, 1937, was 5,670 cc , and on February 9, 1938, was 6,430 cc 

Case 28 — Cincinnati General Hospital No 81335 The patient, white, male, age 16, 
was admitted to the hospital October 22, 1937 On October 3, 1937, a pistol shell ex- 
ploded and a small fragment of it hit the inner side of his right upper arm about three 
inches above the elbow He bled profusely, losing about a pint of blood, until he received 
first aid O11 the day following this accident, the upper arm became markedly swollen , this 
continued for three days and then gradually began to subside With the subsidence of 
this swelling a small pulsating tumor appeared at the site of the injury, over which a thrill 
and bruit were noted The swelling continued to increase rapidly and the skin over it 
became veiy thin, he also developed a weakness in the gripping of his hand, and a 
tingling sensation and an inability to use his hand well The pain at the site of the 
injury became increasingly severe 

Physical Examination — At the time of admission to the hospital he had an exten- 
sive, though not complete, paralysis of the median nerve and severe causalgia in the 
forearm and hand The swelling above the elbow (Fig 23) measured about 4 cm in 
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Tig 23 — Case 28 Arterio\enous aneurysm of brachial 
■vessels Skin near rupturing Rapullj progressing paralysis 
of median nerve Operation 23 dajs after injury by a piece 
of steel 
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diameter The skin at the site of the puncture wound was very thin and there was real 
danger of spontaneous rupture Over this swelling a thrill and bruit, characteristic of 
arteriovenous aneurysm, were very pronounced Radial pulse could be felt, though 
maikedly lessened The blood pressures were the same — 120/60 in both arms Pulse 



Tig 24 — Cise 28 Ner\e retr-icted fiom its bed in aneurysm, ulieie pressure 
\us causing paralysis Some \ery thin skin being excised with the aneurysm Skin 
is protected b\ towels clipped to its edges 


So, and did not slow down on occluding the aneurysm, but the diastolic pressure rose 
30 Mm Hg Venous pressure before operation was 9 cm of water in the left arm and 
ioJ/> cm of water in the right arm Circulation time, as determined by the NaCN 
method, was 2130 seconds in the left arm, and 140 seconds in the right arm, proximal 



Fig 25 Case 28 Aneurysm completely excised Vessels ligated with silk 


to the fistula The heart was normal in size An electrocardiogram was normal Due 
to the progressive median nerve palsy, the severe causalgia and the danger of rupture ol 
the aneurysm, immediate operation was decided upon 

Opct ation — October 26, 1937 (Figs 24, 25 and 26) Both of the vena comites com- 
municated with the divided artery Both the proximal and distal ends of all vessels in- 
volved were patent The aneurysm was completely excised The median nerve was 
stretched over the aneurysmal sac and definitely flattened It had not been injured by 
the fragment of shell, but was obviously being damaged by the pressure and pulsations ol 
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the aneurysm Following operation there were no complications and no appreciable 
embarrassment to the circulation of his hand and forearm The pulse and temperature 
remained normal He was discharged November 4, 1937 Blood pressure 100/70, venous 
pressure left arm, 8 cm of water, circulation time left arm, 20 seconds 

Follozv-Up — January 9, 1938 Sensation and muscle power had all returned to 
normal A faint radial pulse could be felt 

Case 27— Christ Hospital No 1x2543 The patient, white, male, age 33, height 6 
feet, weight 156 pounds, was admitted to the hospital, September 8, 1937, with the 
diagnosis of an aneurysm of left arm He had consulted a physician because of nervous 
spells, vague gastro-intestinal complaints, and shortness of breath on exertion These 
symptoms had giadually increased during the past six months There Avas found on 
further questioning that m association with the shortness of breath, there was palpita- 
tion, but no precordial pam and no edema of ankles Examination revealed an arterio- 
venous fistula of the left arm which it was thought explained many of the symptoms 
The fistula had evidently developed 16 
yeais before, at the age of 17, at which 
time he sustained a compound fracture of 
the left humerus just above the elbow 
This was reduced and placed in a plaster 
encasement for several days, after which 
a secondary reduction was undei taken 
When the encasement was removed some 
tune later, he was told he had an aneur- 
ysm, which was subsequently operated 
upon The patient does not recall 
whether lus arm was swollen, what the 
condition of the circulation in the fingers 
was or when the operation was performed 
He does, however, remember being told 
that at the operation he had nearly died 

from loss of blood, and that it would be Fig Case 28 Window cut in the side of 

aneurjsiml sac Both veins and the artery were 
dangerous for him to be operated upon dmded and communicated from within the false 

again, and that if he were careful, he meurjsmal sac 

would not have any trouble He therefore lef rained from athletic sports and never con- 
sidered having the fistula operated upon 

Physical Examination — The general examination was essentially negative The 
patient was tall and thin, and somewhat nervous There was no evidence of cardiac 
decompensation There was some deformity' of the left arm due to the old fracture, with 
some loss of the carrying angle There was a large, broad scar on the cubital region 
extending up the inside of the arm Underneath this scar was a visible, pulsating mass 
with the typical thrill and bruit of an arteriovenous fistula The brachial artery entering 
it was quite large and felt about 1 cm in diameter There was no dilatation of the 
peripheral veins, leading to the surmise that the vein distal to the fistula had been 
ligated, a fact subsequently confirmed at operation There was a very weak pulsation 
felt in the left radial artery, and the circulation m the fingers was good Obliteration 
of the fistula by pressure directly over it caused the pulse to drop from 88 to 60 within 
one minute Percussion of the heart indicated that it was moderately enlarged, but the 
teleoroentgenogram did not reveal any enlargement Without occlusion of the aneurysm, 
the blood pressure m the right arm was 100/70, with occlusion of the aneurysm it was 
125/85 Blood pressure in the left arm was 130 systolic, murmur was not heard until 
no, maximal at 95 Circulation time, right antecubital vein, with 035 cc NaCN, was 
15 seconds without occlusion Venous pressure right antecubital vein without occlusion 
of fistula was 8 5 cm H2O , with occlusion, 8 5 cm H=0 Blood volume 5,400 cc , 817 
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per cent body weight Hematocrit, 43 2 per cent Plasma volume, 3,060 cc , 4 53 per cent 
body weight The electrocardiogram was normal 

Operation — September n, 1937 The brachial artery was about 1 cm m diameter 
proximal to the fistula The vein, proximal to it, about 1 5 cm m diameter The 



Tig 27 — Cnse 27 Arteitovenotis nieurjsm of Ijrtchnl vessels, durntion, 16 vears 
Vein distal to fistula, ligated over 15 >cais ago 

vein, distal to the fistula, was a tlun fibrous cord, and had apparently been ligated pre 
viouslj The arterj distal to the fistula, was about 7 to 8 Mm in diameter Occlusion 
of the artery, proximal to the fistula, reduced the blood flow through the fistula approxi- 
mate!) 60 per cent, but occlusion of the distal artery was necessary to stop the flow 
The arter), proximal and distal to the fistula, was ligated with one-half inch tape, the 



/£ 

Fig 28 — Case 27 Operation as completed 

vein, proximal, with braided silk, the small vein, distal, with medium silk, the fistula- 
bearing vessels were excised (Figs 27 and 28) There was a good pulse at the left 
wrist immediately after operation 

Subsequent Coin sc — Thirteen days postoperative Blood pressure, right arm, « as 
II 5/75. pulse, 80, circulation time, 195 seconds, venous pressure, to cm of vater, 
blood volume, 4,800 cc , 7 2 per cent body weight , hematocrit, 42 25 per cent , plasma 
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volume, 2,760 cc , 4 per cent body weight On September 30, 1937, the teleoroentgeno- 
gram showed no change On December 20, 1937, the heart had become slightly smaller, 
and all of the patient’s former complaints had disappeared The brachial artery had 
become much decreased in size 

Case 21 — Cincinnati General Hospital No 56203 The patient was admitted to the 
hospital March 9, 1936, with a left subclavian arteriovenous aneurysm He had previously 
been in this hospital, in December, 1933, with advanced tuberculosis of both apices The 
aneurysm had resulted from a gunshot wound with a 22 caliber bullet, March 22, 1935 
Following this injury there was mild shock but very little bleeding Shortly after, the 
patient noticed that his left arm w r as partially paralyzed and that he had a peculiar 
noise in the region of the left shoulder He said that it sounded like the exhaust of 
steam The motion and sensation in the left arm gradually improved up to the time 
the patient w r as first sent into the hospital for careful studies Blood pressure, 126/60, 
venous pressure, in the right arm, 5 2 cm w'ater , w'lule m the left arm, the venous pres- 
sure was 9 cm w'ater Circulation time m the left arm, 15 seconds A teleoroentgeno- 
gram showed a slight dilatation of the aorta The paralysis in his arm involved pri- 
marily the ulnar nerve, but this w'as not complete Due to the patient’s extensive 
pulmonan tuberculosis, the positne Wassermann, and the absence of an} serious cardiac 
damage, it was decided to postpone any operative procedure The patient was dis- 
charged after five da} s’ study and told to rest as much as possible because of his 
tuberculosis 

He was readmitted, May 13, 1936, for a period of 12 days for further study For 
the past }ear he had been taking much rest at home At this time it was noted that all 
signs of a communication between the artery and vein had disappeared There was a 
faint svstolic bruit, probabh due to the variation in the size of the arter>, but no evi- 
dence whate\er of a characteristic to-and-fro arteriovenous murmur Apparently the 
fistula had closed spontatieoush , as a result of the patient’s rest in bed On several 
occasions subsequent!}, this patient has been seen, but showed no evidence of an 
arteriovenous fistula 

Case 4 — Children’s Hospital No 2356 The patient, wdnte, male, age 8, w'as ad- 
mitted to the Children’s Hospital, March 12, 1928, with an eye condition for wduch he 
had previousl} consulted Dr D T Vail, Jr In June, 1927, eight months previously, 
the child had injured lus left eye by running a small piece of chicken wore into the eye- 
ball This puncture was apparenth into the lower inner quadrant of the e\e, although 
no scar of it could be detected Six weeks later the eye became reddish and he was 
treated for pinh-e}e Bn September, 1927, the left eyelids, particular!} the upper lid, 
w'ere noted to be swollen, and the conjunctival \ems had become very large and very 
red Later, the supra-orbital \ein became large, and \ancosities appeared in the eyelids 
and on the nose around the inner canthus of the ere When he was first seen b} 
Doctor Vail, a few' da}s before our operation, an aneurysm of the e}e w r as detected 
The conjunctival veins w r ere ver} large and distended with arterial blood They, as 
w r ell as the larger varicosities of the eyelids, nose and forehead, definitely pulsated 
There was no edema, wdnch is usuall} very marked w'hen there is an intracranial 
arteriovenous fistula between the cavernous sinus and internal carotid artery The 
retinal veins w T ere distended and pulsated Vision did not appear to be disturbed On 
light palpation over the closed eye, a faint thrill could be felt A definite arteriovenous 
bruit could be heard over the eye, nose and forehead Temporary occlusion of the 
common carotid artery caused the eye to recede, the veins to collapse partially and to 
cease pulsating, and the thrill and bruit to disappear Not knowong exactly where 
the perforation had occurred, and because the most marked signs of the cirsoid aneurysm 
w'ere at the inner angle of the eye, it w r as thought that the abnormal communications 
were probably between branches of the external carotid artery and the neighboring 
n eins 

Operation — March 13, 1928 The bifurcation of the common carotid artery was first 
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exposed Here we were surprised to find that temporary occlusion of the external carotid 
artery had no effect on the aneurysm but that occlusion of the internal carotid com- 
pletely stilled it Consequently, the external carotid artery was permanently ligated 
with a heavy silk ligature, and the common carotid was occluded by a removable 
aluminum band Through a Killian incision over the left tear sac and extending into 
the brow, the supra-orbital and other large veins in the exposed area were excised 
Another small incision m the upper eyelid allowed the removal of a large vein All 
ligations were made with silk ligatures 

Subsequent Coin sc — For five days after the operation, the patient vomited very 
frequently On the third day a slight weakness of the right face and of the right arm 
was noted This paralysis did not progress, and disappeared entirely in about two weeks 
We interpreted the vomiting, as well as the paralysis, as being due to cerebral anemia 
During this period of uneasiness, it was a great comfort to know that we could remove 
the metallic band if the symptoms demanded it 

September 27, 1930 Examination showed that the dilated conjunctival veins had 
almost completely disappeared There was no exophthalmos No enlarged veins in the 
eyelids, about the nose or on the forehead were seen Auscultation over and about the 
eye revealed no bruit There was no evidence of any right-sided weakness Mental de- 
velopment appeared to be normal 

In the neck, the left common carotid artery was about one-quarter as large as the 
right, and definitely pulsated At the site of the occluding band, a loud, harsh systolic 
bruit could be heard such as one can hear when an artery is markedly constricted Four 
months after the original operation, the artery was apparently totally occluded, as neither 
a murmur nor a pulsation could be detected Since that time, and now, there has been 
a partial restoration of the lumen with a return of function in the artery 

April 13, 1938 Both eyes appeared to be normal Vision and muscular action were 
undisturbed Retinal vessels did not pulsate and have returned to normal size The 
fistula remained closed No thrill or bruit was demonstrable either over or about the 
eye 

The band could not definitely be felt The left carotid artery was of normal size 
and compression of it caused a good temporal pulse to disappear Compression of the 
right common carotid artery did not affect the left temporal pulse The artery, just 
distal to the band, was not demonstrably enlarged A soft systolic bruit, indicating onlv 
a mild constriction, could be heard over the site of the band Evidently the lumen of 
the artery at the site of the band has been restored almost to normal size 

Case 30 — Cincinnati General Hospital No 88134 The patient, white, male, age 
19, was admitted to the hospital, February 9, 1938 He had four cirsoid aneurysms (Fig 
29) — one in the neck, two in the left forearm and one on the dorsum of the left foot 
All of them appeared spontaneously The two on his left forearm appeared about ten 
or 12 years ago without any antecedent injury, so far as he knew They increased slowlj 
111 size, except during the past year or two, when he did not note any particular change 
Three weeks before admission the smaller of these two lesions on the left forearm, the 
one situated just above the wrist, was excised by Dr George Curtis of Columbus, Ohio 
He reported the lesion removed as being an arteriovenous aneurysm 

The next lesion to appear was in the left side of his neck The patient first observed 
this about three or four years ago It grew rapidly and recently interfered somewhat with 
his voice, which frequently became “husky ” 

The lesion on the dorsum of the left foot was noted about the same time as the 
lesion in his neck However, it had not grown nearly so rapidly 

None of these lesions ever caused the patient any pain He continued to work hard 
and did not note any increase in shortness of breath or forcible heart action There 
was never any swelling of his ankles The patient at no time was conscious of an> 
noise connected with the tumors 

Physical Examination — The patient’s face was slightly congested, which condition 
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the patient himself had been conscious of In the left side of his neck, extending across 
the midhne to the right side, there was a very large pulsating mass, which presented 
irregularities due to obvious large blood vessels beneath the skin The skin was not 
telangiectatic and appeared to be normal It moved freely over the lesion The size and 
extent of this lesion are well depicted in Figure 29 

On palpation, there was a very pronounced thrill over the entire surface of the 
swelling, most marked over the lateral margin of the sternomastoid muscle All of 
the vessels pulsated very forcibly, especially an extremely large one just below the left 
submaxillary gland The bruit was very loud, particularly at the point where the thrill 
was most easily felt This bruit was transmitted up into both temporal \essels Curi- 
ously enough, it was a little more pronounced on listening over the right temporal 





Fig 29 — Case 30 Patient -with four spontaneous cirsoid aneurysms A very large 
one m the neck, a small one in the left foot, and two in the left forearm (lower tumor 
of arm removed elsewhere, three weeks before) AH lesions, especially that m the neck, 
pulsated vigorous!}, and exhibited the t}pical thrills and bruits of arteriovenous aneur>sms 

artery The lesion did not seem to extend below the level of the clavicle or far up 

under the jaws On compressing the carotid artery' on the left side the thrill could be 

made to disappear, but there remained a faint bruit On compressing both carotid 
arteries the bruit became almost inaudible One could not detect any definite increase in 

the size of either carotid artery When the patient bent forward, his face became rather 

quickly and markedly flushed, almost cyanotic 

On the volar surface of the left forearm there was another pulsating tumor, the 
center of which was situated about 8 cm below the internal condyle of the humerus 
The size of this tumor was roughly that of a large English walnut Its vertical diam- 
eter was 5 5 cm , the transverse diameter about 5 cm This tumor pulsated and pre- 
sented an irregular contour, due obviously to blood vessels beneath the surface of the 
skm The skm, however, was normal and moved freely over the swelling The color 
of this lesion was slightly bluish, due unquestionably to the blood in the vessels beneath 
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the skin A faint thrill could be felt over this tumor , there was a very definite and typical 
arteriovenous bruit The bruit and thrill could be made to disappear by occluding the 
brachial artery, which appeared, on palpation, to be about normal in size 

Farther down in the forearm there was a recent wound which measured about 7 
cm This was the site of the operation three weeks ago The radial and ulnar vessels 
appeared to be normal A tumor, cpiite similar to the one described m the forearm, only 
about one-quarter the size, was situated on the dorsum of the foot The skin over it was 
normal It was not quite so irregular, but a characteristic arteriovenous bruit was 
audible over the mass The pulsation and the bruit disappeared on compressing the 
femoral artery The femoral artery appeared to be normal This patient had definite 
cardiac enlargement and a slight systolic murmur at the apex 


r 



Tig 30 — Case 30 Dissection of the aneurysm from left forearm except for one 
large toituous anastomosing arteiy Before dividing tins vessel the aneurysm pulsated 
and exhibited the signs of a cirsoid 

Closure of the large communications in the neck by direct pressure caused a defi- 
nite slowing in the heart rate of 20 beats, and the blood pressure in the right arm 
changed from 130/65 to 140/78 

Fust Opaation — February 12, 1938 The cirsoid aneurysms of the left arm and 
on the dorsum of his left foot were removed under local anesthesia In the case of the 
arm it was easy to demonstrate two or three large arteries running directlv into, and 
communicating with, the mass of blood vessels It was possible to dissect the entire 
mass free except for the largest of these communicating arteries The mass would still 
pulsate when the arterj was open, but would cease on occluding it Following the re- 
moval of the tumor, injection of this mam arterj with Hill’s solution filled all the blood 
■vessels in the mass (Fig 30) 

In the case of the foot there were two arteries close to the dorsalis pedis artery 
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which ran directly into the cnsoid aneurysm (Fig 31) There was no direct com- 
munication with the dorsalis pedis Closure of these two communicating arteries stopped 
the activity of the aneurysm The excision of this tumor was relatively easy compared 
with that in the arm In both instances the ligations were made with silk and the 
wounds were closed with inter rupted silk sutures 
without drainage 

Following these two opei ations there was no 
noticeable change in the cardiovascular mechan- 
ism of this patient (Fig 32) The wounds 
healed without any difficulty 

Second Opciation — February 26 1938 

(Figs 33, 34, 35, and 36) Ethei anesthesia 
An attempt was made to do something to the 
huge cirsoid aneurysm which involved both sides 
of the neck, especially the left An incision was 
made along the border of the sternomastoid mus- 
cle from the tip of the ear almost to the clavicle 
and then curved m front of the throat across the 
nndline In the subcutaneous tissues countless 
small blood vessels were encounteied and prog- 
ress was necessarily very slow We were 
finallj able, however, to expose the cartoid ai terv 
and jugular a cm from the clavicle up above the 
bifurcation of the common carotid arten The 
jugular vein was about three times its normal 
size Through its wall could be seen whirling 
arterial blood, and there was an actual tremor, 
which presented the thrill and the bruit which 
were so pronounced before operation Low in the neck there were two laige branches 
which connected the jugular vein with the huge vessels making up the cirsoid aneurysm 
When these were divided the jugular vein immediately collapsed to about its normal size, 





Fig 31 — Cose 30 Aneurysm of foot 
showing two distinct communicating vessels 
No direct connection with dorsalis pedis 
arter> 
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-Case 30 Simultaneous electrocardiogram, ladial pulse tracing, and sound 
tracing showing continuous murmur o\ el carotid artery 


the thrill and bruit disappeared from it and it was possible to detect a fain bruit only 
over the rest of the cirsoid aneurysm, through a sterile stethoscope Following this pro- 
cedure the bifurcation of the common carotid artery was carefully freed and, first, the 
superior thyroid artery was ligated This reduced the bruit, but did not make it disappear 
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entirely The external carotid and ascending pharyngeal arteries were then ligated, 
following which the huge cirsoid aneurysm almost ceased to pulsate 

The next procedure was to locate and ligate the inferior thyroid artery After doing 
this, the flap of skin and subcutaneous tissue were dissected off the surface of the 
aneurysm to the midline of the neck and up to a point above the hyoid bone Starting 
laterally an effort was made to remove most of this mass of blood vessels There was 
still some pulsation and the control of hemorrhage was a ticklish proposition It was 
soon possible to determine that the lower two-thirds of the thyroid gland was not involved 



Fig 33 — Case 30 A, B Two huge \essels from the cirsoid aneurysm emptying 
arterial blood into the jugular vein 


in the cirsoid condition The upper one-third of the thyroid was markedly involved, and 
the condition extended behind the trachea on to the esophagus and far over to the right 
side of the neck The aneurvsm extended also above the hyoid bone The dissection 
was continued until it was obvious that no more could be removed from this side with- 
out the danger of injuring the esophagus At this point, large transfixion sutures of 
braided silk were used to ligate the mass of vessels which had been largely freed On 
doing this, a rather large hole was torn in a big blood vessel just behind the trachea, 
at about the level of the upper third of the thyroid gland This was controlled by direct 
finger pressure until the operator secured a piece of muscle and plugged the hole b\ 
suturing it directly into the opening It was noted at this time that the bleeding was still 
very active After the hemorrhage had been controlled, the wound was closed "dh 
interrupted fine silk sutures, without drainage A plaster encasement was applied to the 
patient’s neck and head to immobilize the wound Ligation of the right external carotid 

672 



1 olume 10S 
Number 4 


ARTERIOVENOUS ANEURYSMS 


artery was considered, but this was deferred until a later date because the operation had 
already consumed about four hours 

Subsequent Com sc — Following this operation there was a little difficulty in swal- 
lowing and talking for two days, but otherwise the convalescence was quite uneventful 
The wound healed per primam The left vocal cord was not paralyzed The blood pres- 
sure in both arms on admission and for eight days after the neck operation ranged around 
iS5/8o, on leaving the hospital it was 124/88 The patient was discharged, March 27, 
1938, with a definite bruit still audible over the front of the neck, but no thrill or pulsa- 



riG 34 — Case 30 A, B, Large connecting veins, from cirsoid to jugular 
\ein dmded Superioi thyroid, external caiotid and ascending pharyngeal arter 
ics dmded 


tions could be felt This bruit could be made inaudible by compression of the right 
common carotid artery at its bifurcation but not by compression lower down in the neck 
Evidently the reversed circulation through the circle of Willis was enough to keep the 
cirsoid aneurysm active when only the common carotid artery was occluded 

Special studies of the heart 111 the Cardiac Laboratory showed February 11, 1938 
Circulation time right arm, 18 seconds , left arm, distal to the fistula, 21 seconds , left 
arm, proximal to the fistula, 11 6 seconds Venous pressure, right arm, -f~8 cm of water, 
left arm, distal to the fistula, +12 cm , proximal, +7 5 cm Blood volume, 5,440 cc 
March 21, 1938 Circulation time in left arm was 12 2 seconds Venous pressure right 
arm, 5 cm of water, left arm 5 cm Blood volume, 5,070 cc 

Thud Operation — April 26, 1938 Under local anesthesia, the right external carotid 
artery was ligated This operation, together with the previous one, effected a complete 
sacrifice of both external carotid arteries , there still remains, however, a faint audible 
bruit 
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Case 16 — Holmes Hospital No 340334 An instance of a large arteriovenous heman- 
gioma involving the right foiearm and hand The patient, white, female, age 24, was 
admitted to the hospital June 18, 1934 The condition she presented was obviously con- 
genital It was not, however, noted by the parents until she was about three jears old, 
when there w-as observed some irregularity and a slight enlargement on the volar surface 
of the right forearm The condition gave the patient no trouble until about one year 
before admission, although the swelling had gradually increased 111 size During the 
year previous to admission, the swelling seemed to have increased rather rapidly and 



rio 35 — Case 30 Ligatures placed preparatorj to amputating n large portion of the cirs °'^ 
aneurjsm Note the invohement of the upper third of thjroid gland, and the extension of tne 
cirsoid aneurjsm behind the trachea into the right side of neck Inferior thjroid arterj is ligated 

had begun to cause her considerable trouble, particularly a sensation of discomfort and 
tightness w'hen the arm was held down, and a rather excessive fatigability of the fingers, 
with a definite impairment of their function 

Physical Examination revealed an apparently health} girl, except for the congenital 
vascular lesion involving the volar surface of the right forearm and hand (Fig 37) The 
swelling w r as rather irregular and increased perceptibly when the arm w r as held dovui 
There w r as definite diminution in the size wdien the arm w'as elevated If the middle 
of the forearm w r as squeezed when the arm w'as hanging dowm, a definite fluctuation wave 
could be felt in the palm of the hand, accompanied by an increase of the swelling m the 
palm In places there were light-bluish discolorations of the skin, but there was no 
definite involvement of the skin at any place by an angiomatous condition The super- 
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ficial veins weie quite large No thrill and no bruit could be demonstrated The radial 
and ulnar vessels were easily palpable Thioughout the extent of this vascular lesion 
one could feel small, hard bodies, which were thought to be calcified phleboliths (Fig 
38) The patient’s blood pressure was essentially the same m both arms, namely, 105/78 
The patient had had so much trouble during the previous year that she had frequently 
been advised to have her arm amputated lest the growth would extend, rupture and cause 
fatal hemorrhage With considerable hesitation, an operation to excise the lesion was 
undertaken 



Fig 36 Case 30 Operation as completed Esophagus is definitely involved Lesion extends 
behind trachea to the right side of neck Taint bruit still audible through a sterile stethoscope 


Operation — June 19, 1934 The incision extended from 4 cm below the internal con- 
dyle of the humerus well into the palm of the hand at the base of the fingers The 
operation was performed without a tourniquet, and with the arm elevated far above the 
level of the heart The angiomatous condition involved the surfaces of practically all the 
muscles, the nerves and the space between the flexor profundus muscle and the mter- 
osseus membrane The blood encountered, though it was not excessive, was definitely 
arterial Due to the greatly elevated position of the arm, we were able to shave off 
from the muscles and the nerves the greater part of this lesion without necessitating the 
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tying of many blood vessels The belly of the flexor subhmis digitorum to the index 
finger was so involved that it was thought best to excise it The tendon of this muscle 
was later sutured to the tendon of the flexor subhmis digitorum of the third finger The 



Fig 38 — Case 16 Roentgenograms of right arm before and after operation 


to remove all of this growth, it was felt that considerable thrombosis would occur in 
the remaining portion 

Subsequent Course — The patient has been observed regularly since the operation, the 

676 


BBTslfcKi 










reid and McGuire 


Annibof Surgery 

October mas 


last time being January, 1938, at which time there was practically no disability The 
index finger apparently functioned quite normally (Figs 39 and 40) There was a little 
swelling above the wrist and in the palm but this had not increased materially during 
the past year It was noted, 111 June, 1936, that the muscular development of the arm 
had practically returned to normal 

Expci wiental Studies — In connection with the study of 0111 clinical cases 
theie have naturally ansen many questions which we wished to study in the 



Tig 41 — (A) Method of establishing an easily controllable fistula 
between the aorta and reiia cat a, used m some of our acute experiments 
With the rubber tubing the fistula can be closed or opened as desned 
Also, nil the blood from the aorta can be easily diteited back into the 
heart (B) Same as A with a Venturi meter in the tena cat a, to measure 
the tolume of blood flow 

Laboiatory of Experimental Surgery We shall heie lefei only to evpei 1- 
mental observations which we believe may shed some light upon our clinical 
studies 01 the pluvious obseivations of otheis who have intei ested themselves 
m the subject of abnormal artenovenous communications 

The experiments have been both acute and chronic In the acute, or non- 
suivival experiments, communications were established between the abdominal 
aoita and vena cava (Fig 41 A) in foui heparinized dogs In two of these 
animals, m addition to the abnoimal arteriovenous communication, a Venturi 
metei (Fig 41 B) was inserted into the vein between the site of the fistula 
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and the heait This mstiument, based upon well known laws of physics, 
measures the velocity of flow legal dless of the piessuie of the fluid From 
this data the volume flow may be determined 3 In five expenments dnect 


20 8/27/35 

C G H 
No 44s 

December 1, 1935 Patient working steadily but 
still some exophthalmos, and a faint bruit ana 
slight diplopia Unable to trace patient since 

si* S/13/36 
C G H 
No 5621 

This patient was not operated upon because of 
extensive pulmonary tuberculosis and syphilis 
The thrill and bruit became gradually less and 
finally all signs of the fistula disappeared Months 
after the accident, the paralysis was mainly ot 
the ulnar nerve and this, too, improved rapidly 
after the closure of the fistula 

22 9/16/36 

C G H 
No 6 178 

It was impossible to perform a complete excision 
because of the infiltration in the bellies of the 
muscles and between the bones Following the 
operation some sclerosing injections were intro- 
duced into the large vessels of the dorsum of the 
hand and fingers There is marked improvement 
in the function of the hand Operation w as per- 
formed with arm suspended straight in the air to 
lessen hemorrhage 

No 6374; 

Patient died February ix 1937, from extensive 
bilateral tuberculosis of the lungs Specimen of 
vessels obtained Fistula closed 

,4* 

No 73321 

Patient was orthopneic, numerous taps for hydro- 
thorax, operation under local anesthesia, with the 
patient in Fowler s position, marked improve- 
ment on table when fistula was closed Has re- 
sumed work 

a5 ' t'WS 

No 7333f 

This patient had multiple communications be- 
tween external jugular vein and branches of ex- 
ternal carotid artery, mainly a large occipital 
artery 

26 6/13/37 

C G H 
No 25847 

This patient was discharged to w ait for collateral 
circulation before operating Unable to get in 
touch with him since then 

27* 9/10/37 
Chnst Ho 
pital 

No 11254 

Heart decreased in size Blood and plasma vol- 
umes decreased approximately 25% after opera- 
tion, circulation time became 4 to 5 seconds 
longer All complaints disappeared 

28^ 10/22/37 

C G H 
No 81335 

Patient was operated upon early because of the 
rapid progressive paralysis of the radial nerve, 
and the fear of rupture of the aneurysm Two 
veins as well as the artery were involved No 
circulatory disturbance after operation Paraly- 
sis of the nerve has disappeared (February 15, 
1938) 

29* 10/10/37 
2/10/38 

C G H 

No 80815 

Slight cardiac damage Pulse m foot reappeared 
after excision of the aneurysm Blood volume 
not increased during the four months B ranham s 
bradycardic phenomenon present, also, eleva- 
tion of blood pressure on closure of the fistula 

30"* 2/9/38 

C G H 

No 88134 

Definite cardiac enlargement with murmur Com- 
munications were definitely demonstrated at time 
of operation Immediately after ligating the 
right external carotid artery (4/26/3 81 bruit 
markedly decreased, but still faintly audible 

* Reported in 
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last time being January, 1938, at which time there was practically no disability The 
mdev finger apparently functioned quite normally (Figs 39 and 40) There was a little 
flip wrist and 111 the palm but_this liad not increased materially during 


meter (Fig 41 B) was inserted into me vein uu„ 
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and the heait This mstuunent, based upon well known laws of physics, 
measuies the velocity of flow regaidless of the piessuie of the fluid From 
this data the volume flow may be deteimmed 3 In five expenments dnect 
anastomoses weie made between the abdominal aorta and vena cava In oui 
chiomc expenments we have in 
the laboiatoiy two dogs with 
latge fistulae between the iliac 
aitery and vein 

A summaiy of oui findings 
m the acute 01 sacufice experi- 
ments is presented m Chart i 
In three dogs the caidiac output, 
as determined by the dnect Ficlc 
method, mci eased an aveiage of 
i 75 liteis when the aortic- vena 
caval fistula was open This was 
an increase of ovei 100 per cent 
Altogether, six detei initiations 
were made upon these tin ee dogs 
The circulation time was de- 
teimmed by the sodium cyanide 
method 4 When this di ug was 
injected into the vena cava about 
one inch above the fistula, the 
cu dilation was i educed an avei- 
age of 4 5 seconds, wheieas, the 
cnculation tune m the femoral 
vein, below the fistula, mci eased 
by an aveiage of 39 seconds 
Altogether 1 3 detei initiations 
were made upon the two dogs 
The venous pressuies meas- 
ured m the femoial vein mci eased 
on an aveiage of 168 cm of water, wheieas, two inches above the fistula (1 e , 
between fistula and heart), there was an aveiage mci ease of only 3 8 cm of 
water These figures weie based upon eight detei imitations made upon the 
four dogs Inasmuch as the rise of venous piessures above the fistula was so 
slight and quite conti adictoi y to the findings of Holman 5 and Ney,° we won- 
dered if the venous pressuie changes might be seriously altered by the lubber 
tube which foimed the fistula between the aoita and vena cava Consequently, 
some direct anastomoses were made just above the bifui cation of the aorta, 
and venous pressures, deteimmed thiough the renal vein, weie essentially 
the same as when the lubber tube was used foi the connection of the aoita 
and vena cava In no instance were we able to obtain the high venous pres- 
suies, well above the fistula, as were repoited by Holman and Ney The 
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tiemendous mciease m caichac output may, we think, explain the low venous 
pressuies we obtained Below, 01 distal to the fistulae, oui observations weie 
similar to those of other obseivers 

The mean blood pressure m the aitery at the site of the fistula dropped 
an aveiage of 496 Mm Hg in 12 deteiminations upon three dogs 

In two dogs, 13 measuiements were made with the Venturi meter 
(Chait 1) of the amount of blood flow m the vena cava, both when the fistula 
was closed and open Theie was an average increase of 2,090 cc pei minute 
through the vena cava above the fistula, when it was open So far as we 
know, this is the first time the actual amount of blood flowing through this 
segment of vein has been measuied in both the piesence and absence of a 
fistula between the aoita and vena cava lowei down The amount of the 
mciease of blood flow, when the fistula was open, was astounding to us, and 
when the aoita just distal to the fistula was temporarily occluded, the increase 
of the blood flow in the vena cava was fai gi eatei still 

There weie a few othei observations, perhaps woitliy of note, in addition 
to those which aie chaited F01 instance, whenever the fistula was opened, 
theie was uniformly an mciease of about 20 pei cent m the heart late In one 
animal when all the aoitic blood was diveited back tlnough the vena cava into 
the heart, a systolic cardiac muimui developed in about five to seven minutes, 
and this disappeared in a similai penod when the fistula was again closed 
If, under this cn cumstance, the fistula was not closed shortly aftei the devel- 
opment of the mui nun, caidiac failuie seemed imminent 

By means of teleoioentgenogiams we could not demonstiate any deciease 
in the size of the heait when the fistula was open On the contrary, when 
the heaits of these dogs weie exposed, all observeis agieed that the heart, 
especially the light ventncle, became laigei within less than a minute after 
opening the fistula This mciease was, also, loughly confirmed by measure- 
ment vwtli cahpeis Nor in oui suivival expenments have we been able to 
demonstiate any temporal y deciease 111 the size of the heait after making 
the fistulae These obsei vations do not coincide with those of Holman, who 
noted deci eases 111 the size of the heait foi seveial houis 01 days after pro- 
ducing large arteriovenous fistulae 111 dogs, but do coincide with those of 
Lewis' who, aftei the lapse of a few beats, noted a steady increase in the 
size of the heait 

In the two chiomc or suivival experiments with laige iliac arteriovenous 
fistulae, the usual changes have been noted — cai diac enlai gement, Branham s 
bradycaidic phenomenon, rise of blood piessuie on closuie of the fistula, etc 
The venous pressures in the limb below 01 distal to the fistula have remained 
constantly elevated, whereas these piessures m the neck have not increased 
since the fistulae were made Also, in this connection, it should be noted 
that not as yet (Exper 1 18 weeks’ duration, Expei 2 nine weeks’ dura- 

tion) have theie developed any evidences of cardiac decompensation 

Up to this point the blood volumes, as deteimined by bnlliant vital red 
dye, have not inci eased The blood volume made befoie opeiation in Dog 
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No i was 1,955 cc , since operation, 1,781 cc , befoie opeiation 111 Dog 
No 2, 1,815 cc , since operation, 1,745 cc 

Discussion of Clinical and Experimental Obseivations — The 30 cases 
may be classified as follows (1) Ai tei wvenous anewysms, 21 cases Of 
these there were six femoials, four popliteals, three biacluals, two internal 
carotids, two mtiacranials (pulsating exophthalmos), one axillary, one 
subclavian, one ophthalmic, and one intercostal (2) Theie were nine cusoid 
anewysms which may be classified as to location as follows Neck, thiee, leg 
and foot, thiee, arm and hand, thiee One of these cases (No 30) had four 
spontaneous cusoid aneuiysms but is classified as one neck case because of 
the situation of the major lesion In this case theie were two other cnsoids 
m the left foieaim and one on the dorsum of the left foot 

Six of these cases were never operated upon In the 24 cases which 
weie operated upon theie was a total of 39 opeiations I11 the entile group 
there was not a death which could be attributed to the aneurysm or the opera- 
tive proceduies It is known that Case 2 died from pulmonaiy tubeiculosis 
two and one-half years aftei the opei ation, and Case 22, fi om the same cause, 
three and one-half yeais later In both instances the aneurysms weie cured 
All of the arteriovenous aneuiysms operated upon, except one case (No 20) 
of pulsating exophthalmos, weie cuied, and two cases (Nos 10 and 20) healed 
spontaneously without operation Of the nine cases of cusoid aneuiysm 
theie appeal to be only three complete cuies (Nos 9, 16 and 25), and one 
of these cuies was bi ought about by amputation All of the otheis have been 
benefited to vaiymg degiees and none of them have lost an extremity 

A study of all of these cases and the lesults of our expenmental work 
lead us to make some comments upon the efifects, and the treatment, of 
arteriovenous and cirsoid aneurysms In most instances this work confiims 
previous obseivations repoited by Halsted, 9 Matas, 10 Holman, 5 Lewis, 7 Reid 1 
and many others In view of the lecent complete bibhogiaphies given by 
Holman and otheis, lefeience to the extensive hteiatuie on this subject will 
be made only when oui conclusions and observations aie at variance with 
those of other mvestigatoi s 

Damage to the Dealt — The causal lelationship between arteriovenous 
and cirsoid aneuiysms and cardiac damage has been definitely established 
since Reid first observed it experimentally, m 1918 Holman’s splendid work 
m this connection no longer leaves 1 00m for doubt The mam effects of the 
fistulae are cardiac enlaigement, pnncipally of the right ventucle, and eventual 
decompensation The degree of cardiac damage is dnectly dependent upon 
the vessels involved and the size of the fistula , the lai gei the vessels and the 
bigger the fistula, the greatei is the damage to the heart I11 other woi ds, the 
size of the spillway and the amount of artenal blood spilled dnectly over into 
the vein seem to be the major determining factois The effects upon the heait 
of the altered blood pressuies and the proximal dilatation of the artery have 
not been definitely detei mined The heait, m the chionic cases, is raiely 
affected sei lously unless the ai tery between the fistula and heart is definitely 
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dilated, and one cannot escape the feeling that whatever is responsible for 
this change m the arteiy may also be effective upon the heart 

In this senes of cases there weie eight arteriovenous aneuiysms which 
had caused definite caidiac damage (Nos 3, 6, 8, 15, 21, 24, 27 and 29) In 
two cases (Nos 6 and 24) there was seveie caidiac decompensation Of the 
cases of cirsoid aneurysms two (Nos 17 and 30) showed evidences of some 
caidiac damage In eveiy instance wheie the heart was demonstiably af- 
fected, closure 01 excision of the fistula was followed by improvement in the 
condition of the heait In Case 24 (Fig 7) the reduction in the size and 
the impiovement 111 the function of the heait weie quite astounding 

The Effect of Fistulae Upon Involved Vessels — The “venafi cation” of 
the aitery between the fistula and heart is exemplified by the thinning of its 
wall, toituosity and maiked dilatation Indeed, in some of these proximal 
vessels theie have been lepoited tiue aitenal aneurysms In these vessels 
there was a gieat fall m systolic blood piessure This reduction of strain or 
work upon the vessel wall probably accounts for its atiophy, which is evident 
111 microscopic sections Pei haps the blood piessure alteiations 1 educe the 
nounshment to the vessel wall thiough the vasa vasorum In any event, the 
atiophy of the proximal arteiy appeals to confirm Thoma’s old theoiy that a 
normal pulse pi essui e is essential to the mtegi lty of an ai tery 

The “aiteriahzation” or hypeitiophy of the involved vein is logically ex- 
plained by its increased woik and adaptation to heightened pi essui es That 
the vein between the fistula and heart cairies a tiemendous increase in volume 
of blood is shown by oui studies with the Venturi meter upon dogs, wheie 
the aveiage increase in volume of blood flowing through the vena cava be- 
tween the aortic-vena caval fistula and heait was 2,090 cc of blood (Chait 1) 
Fiom inspection it appeals that veiy little tiue venous blood can find its way 
back to the heart through this segment of vein when the fistula is open , the 
force of the arterial spillway appeals to let very little of the venous blood 
pass by the fistula 

In the arteiy and vein opposite the fistula extensive calcification was 
noted m the walls of the vessels The explanation foi this is not obvious to us 
In this senes of cases there were 11 (Nos 3, 6, 8, 13, 15, 1 7, 23, 24, 25, 

27 and 29) which showed definite enlaigement, and thinning of the wall of 
the proximal aiteiy In Case 24, wheie the proximal arteiy was so veiy large 
and thin-walled, there appealed to be imminent danger of rupture of the 
artery proximal to its ligation In many cases the wall of the involved vein 
was definitely hypertiophied 

The Cv culation Tune — Studies of the cnculation time, employing the 
sodium cyanide method, were made upon six patients (Nos 15, 21, 25, 27, 

28 and 29) and on all of our expeiimental dogs (Chart 1) A very striking 
finding, which was not unexpected, was an acceleration of the late when the 
diug was injected into the vein between fistula and heart, and a very definite 
retardation when it was injected on the ojiposite 01 distal side of the fistula 
When the ding was injected into veins m paits of the body fai lemoved from 
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01 not dnectly affected by the fistula, theie was no positive evidence that the 
cu dilation time was definitely affected by the fistula, m a few cases (Nos 27, 
28 and 29) it was about thiee seconds fastei when the fistulae weie piesent 
than it was aftei their extnpation, while in Case 25 it was foui seconds slower 
than it was after opeiation Howevei, no circulation times weie made upon 
patients with caichac decompensation resulting fiom arteriovenous aneuiysms 
In the one case (No 24) the patient was so sick we were loath to use the 
test Similar studies have been leported by Portei 15 

Blood Volume — Blood volume detei mmations were made upon Cases 25, 
27 and 29, and 111 the case of our two suivival expeiiments upon dogs In 
Case 25 there was a drop of 1,000 cc 11 days after the operation, but nine 
months after the opeiation it was practically the same as before opeiation In 
Case 27 theie was a drop of 600 cc in blood volume 13 days after the opera- 
tion and there have been no determinations since then In Case 29 theie 
was an mciease of 400 cc three weeks after the operation In all of the 
obseivations upon dogs, even though the heait has definitely enlaiged, there 
has been no increase 111 blood volume, 111 fact, there has been a decrease of 
174 cc m Dog No 1 and of 70 cc in Dog No 2 In none of the patients 
upon whom these studies weie made was there congestive heait failure 

Our studies, thus far, fail to confirm the observations of Holman 5 and 
otheis, who have lepoited a large increase in blood volume 111 cases of arterio- 
venous aneurysms That an increase would occur in cases of heait failure 
due to aiteriovenous fistulae should be expected, inasmuch as Gibson and 
Evans 11 have shown it to be the case in all instances of congestive heart 
failure regaidless of the cause But the necessity for its occurrence in cases 
of arteriovenous fistulae, without heait failuie, seems to us questionable The 
increase of pulse late and the enonnous increase of cardiac output are quite 
sufficient to explain the cardiac damage, without the necessity of postulating 
an increased blood volume Besides, we doubt the accui acy of the dye method 
of determining blood volume m these cases, inasmuch as the normal dis- 
semination or dilution of the dye must be markedly altered by the presence 
of a large aiteriovenous fistula 

Burnham’s Biadycardic Phenomenon — The slowing of the pulse rate, 
when the fistula was closed, was noted in ten cases (Nos 6, 8, 12, 13, 15, 18, 
24, 27, 29 and 30) and in all of oui experimental animals The extent of this 
slowing of pulse rate varied greatly and seemed to be directly 1 elated to the 
seriousness of the cardiac damage and the size of the fistulae For instance, 
m Case 24, where there was very serious cardiac failure (Fig 7), the pulse 
rate dropped from 80 befoie operation down to 40 three hours after it The 
cause of this phenomenon, as so well discussed by Holman, is undoubtedly 
related to the sudden rise m blood pressure which either reflexly or dnectly 
stimulates the cardio-mhibitory center of the brain, or possibly has a dnect 
effect upon the myocai dium 

Ven ous Blood Presswes — Obseivations upon the venous pressures were 
made m nine of our cases (Nos 8, 15, 17, 21, 24, 25, 27, 28 and 29) When 
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these pressures were taken in parts of the body far away fiom the direct or 
local effects of the fistula, there was no noticeable effect upon the general 
venous pressures as long as there was no cardiac decompensation For in- 
stance, when observations were made in the arm, in the case of a femoral 
arteriovenous aneurysm, there was no appreciable change in the venous pres- 
sures on closing the fistula 01 following its' operative cure However, m Case 
24 with a femoral arteriovenous aneurysm, when there was severe cardiac 
decompensation, the venous pressure in the right arm was 25 cm of watei 
and was unaffected by tempoiary closuie of the fistula, after operation and 
when the heart was completely compensated, it dropped to 5 cc of water, or 
normal Thus it would seem a logical conclusion from our studies that the 
general venous pressuies aie unaffected by ai teriovenous aneurysms unless 
there occur some evidences of cardiac decompensation, when the changes in 
venous pressures are similar to those which occur in cases of cardiac decom- 
pensation from any other cause We would feel that a marked rise m the 
general venous pressures might be considered evidence of impending myo- 
cardial failure even though this was not obvious clinically 

Our studies of venous pressures in an extremity above and below the site 
of a fistula do, perhaps, deserve some special comment in view of the reports 
by Holman and Ney that such pressures are markedly increased in the vein 
proximal to the fistula In Case 29, a right popliteal arteriovenous aneurysm, 
the venous pressure in the femoral vein, as measured by the direct method, 
was 5^4 cm of water with the fistula open, and 4^2 cm when it was closed 
At the same time the venous pressure in both antecubital veins was 10 cm of 
water Three weeks after the opeiation the venous pressures in these same 
three vessels were 7 75 cm of watei In several cases the venous pressures 
distal to the site of fistula weie markedly elevated as long as the fistula was 
open and promptly dropped to the general normal level when the fistula was 
closed or cured These clinical observations coincide exactly with our experi- 
mental studies (Chart 1) This very slight rise of venous pressuie between 
the fistula and heart was an unexpected finding Perhaps the enormous in- 
crease m cardiac output (Chart 1) relieves the pressure within the vein as 
long as the heart is compensating for the increase in amount of blood it has 
to handle 

Blood Pi essui e Changes — A use in both systolic and diastolic pressures 
following closure of arteriovenous fistulae was noted in 13 cases (Nos 6, 8, 
12, 15, 17, 18, 23, 24, 25, 27, 28, 29 and 30) In some cases this rise was 
quite striking, as m Case 24, where it lose from 140/40 to 190/90 almost 
immediately on tempoiarily closing the fistula Following operation this in- 
crease of the arterial pressures gradually falls until at the end of ten to 14 
days it becomes stabilized or normal The permanent rise of the diastolic 
pressure is more striking than the alteration of the systolic, which may ulti- 
mately return to the preoperative level 

In three cases with fistulae in the neck (Nos 23, 25 and 30) there were 
very pronounced elevations of the arterial pressures during dissections of the 
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carotid sinus, even before anything had been done to the arteriovenous fistula 
In Case 23, during manipulation of the carotid sinus the pressure rose from 
120/100 to 1 70/1 10 In no case was there a permanent rise in blood pres- 
sure , m two cases the pressures returned, after two weeks, to levels slightly 
below the preopeiative values 

Collateral Circulation — There were six cases (Nos 6, 8, 13, 15, 24 and 
29) m which our obseivations confirmed other clinical and experimental evi- 
dences that around an aitenovenous fistula there occurs a very extensive col- 
lateral cuculation In several cases penpheral pulses which were not palpable 
as long as the fistula was open could be made to appear by simple pressure 
closure of the fistula, and after operation they appeared and lemamed good 
Curiously enough, the pulse may appear, for the first two or three postopera- 
tive days, to be stionger than in the opposite extremity After this there is a 
giadual and definite deciease m the volume of these pulses for a period of 
about ten days 

It is this ovei abundant collateral cuculation which makes the occurrence 
of gangrene after excision of chronic arteriovenous fistulae practically un- 
known 

Impairment of Penpheral Circulation — The circulation, considerably dis- 
tal to the fistula, may be markedly impaired as evidenced by absent pulses, 
coldness of the part, cyanosis and occasional chronic ulcers which will not heal 
This impairment, in varying degiees, was noted in five cases (Nos 6, 8, 12, 
13 and 15) In Case 15, a popliteal arteriovenous aneurysm, there had been 
a chronic ulcer of the shin for a long time and occasionally there had occuned 
serious bleeding from it 

Effect on the Growth of Extr entities — In the region of arteriovenous fis- 
tula, especially in those cases of cirsoid aneurysms wheie theie are multiple 
fistulae, there appears to be mci eased circulation In addition to an elevation 
of surface temperature and the known elaborate collateral circulation, another 
evidence is the occasional increase in the length of an extremity when the 
fistulae are present before the tune of the ossification of the epiphyses This 
was noted m five of oui cases (Nos 5, 9, 13, 17 and 22) Naturally the most 
striking increases m the length and size of extremities are to be noted m the 
cases of cirsoid aneurysms which are usually congenital, contain numeious ar- 
teriovenous fistulae and extend over large areas This was especially observed 
m Case 9, which was reported in detail m the JAMA, 191, 1391-1393, 
October 28, 1933 

Associated Nerve Paralysis — In four cases (Nos 12, 13, 18 and 28) there 
were nerve paralyses associated with the artei lovenous condition In Case 12, 
this was produced by the gunshot wound and was not repaired at the time of 
cui mg the fistula In the other three cases the paralysis seemed to be second- 
ary to the arteriovenous aneuiysms In Case 13, we could find no injury to 
the peroneal nerve at the time of the operation except that it was infiltrated 
and distended by pulsating varicose veins (Fig 1) That this was the prob- 
able cause of its paralysis seems to be justified by the fact that, aftei curing 
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the aneuiysm, the paialysis disappeaied In Case 18, the pulsating axillary 
veins, together with a large amount of seal tissue, appealed to be the cause 
of the paialysis After excising the aneuiysm and lemoving most of the 
scar tissue, the paralysis of the aim disappeared In Case 28, the paralysis 
of the median neive was cleaily due to piessure of the pulsating, false 
aneurysmal sac m which the artenes and veins communicated The letuin 
of function 111 this nerve was very piompt after excision of the aneurysm 

Double Ai tei lovenous Fistula — Occasionally the object which pioduces 
an aitei lovenous aneurysm will penetiate two veins and the aitery and estab- 
lish a double fistula This occuired m Cases 18 and 28 In Case 18, the 
surgeon who fust operated cuied only one of the fistulae, and it was necessary 
foi us to operate, six months later, 111 older to cuie the other (Figs 8, 9, 10 
and 11) In the second case the condition was lecognized at the first opera- 
tion and both veins and the aiteiy were excised (Figs 24, 25 and 26) 

Ai tei lovenous Anewysm Caused by Thoracentesis — This occuned 111 
Case 10 Aftei about five yeais the chaiactenstic biuit and thrill leached 
then maximum intensity, subsequent to which the signs of the aneurysm 
began to subside, and at the end of 13 yeais from the time of the mjuiy, 
theie weie no signs of a fistula, only a faint systolic biuit indicating a slight 
coarctation of the intei costal aitery Theie never developed a pulsating, an- 
giomatous condition of the chest wall Roentgenologic examinations of the 
thoiax weie always noimal 

Inti aci amal Aiteuovenous Anew ysms — Theie were two cases (Nos 2 
and 20) of pulsating exophthalmos, and one instance (No 4) of a fistula be- 
tween the ophthalmic vessels behind the eyeball In Case 2 it was necessaiy, 
because of hemiplegia, to lemove the aluminum band fiom the caiotid arteiy 
eight houis aftei the operation The hemiplegia pi omptly disappeared Four- 
teen days later the band was reapplied, followed by a partial hemiplegia which 
entnely cleaied up, except foi a slight spasticity of the right arm The 
aneurysm was cuied In Case 20, the external carotid aiteiy was ligated, 
and the common caiotid occluded by a metallic band Theie weie no cerebial 
symptoms, but the aneurysm was not completely cured at the last follow-up 
examination In one case, the lecoid of which cannot be found, the operative 
pioceduie was to divide the supia-oibital vein and to scarify the intnna of 
the pioximal pait in older to enhance the chances of a propagating thrombosis 
which might occlude the fistula Nothing was done to the vessels of the neck 
Following this procedure, and with bed lest in a high Fowlei’s position and 
limitation of the fluid intake, there was a maiked improvement, but not a 
complete cuie 

In Case 4, aiteriovenous fistula between the ophthalmic vessels, the fol- 
lowing pioceduie w r as undei taken (1) Ligation of the external carotid artery 
with bi aided silk (2) Occlusion of the common caiotid by an aluminum 
band (3) Excision of veins from the upper eyelid and mnei side of nose 
Six months aftei this opeiation, a hatsh biuit at the site of the band indicated 
that a lumen was being established in the common carotid artery At the last 
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examination, Apnl 13, 1938, the patient was entirely well The eye was 
normal At the site of the band, a famt systolic bunt indicated a good lumen 
beneath it Theie was a stiong temporal pulse which disappeared on occlud- 
ing the common carotid arteiy No dilatation of this aiteiy was noted, eithei 
pioxnnal 01 distal to the band, it appealed to be normal 111 size 

Spontaneous Healing —In this series of cases theie weie two artei lovenous 
aneuiysms which healed spontaneously The fistula m Case 10 was between 
the intei costal vessels, 111 Case 21, between the subclavian vessels A similar 
case was repotted m Reid’s previous series and recently Bird 12 has leported 
othei instances It is not an unusual occurrence m experimental fistulae be- 
tween the smallei vessels 

In view of these expenences it is piobably wise to use eveiy effoit to 
piomote spontaneous healing befoie resoitmg to surgery A long period of 
rest m bed, with elevation of the affected part and the limitation of fluid in- 
take, possibly bleeding, soon after the accident, might lesult m moie spon- 
taneous cures Ceitamly the long penod of bed rest for tuberculosis was a 
big factoi in the spontaneous healing m Case 21 

Tune to 0 pci ate — Unless immediate or early operations aie lequired be- 
cause of hemoirhage, dangerous hematoma 01 infection, 01 lapid cardiac 
damage, we believe it wise to postpone operating foi thiee to six months aftei 
the occurrence of the fistula Dui mg this period hemorrhage becomes ab- 
soibed, tissues lestoied to noimal, danger of infection lessened, and collateial 
cnculation becomes so extensive that theie need be no hesitancy in saciificmg 
the involved vessels at the time of opetation Mason 13 and Stone 14 have re- 
poited two cases m which the cardiac damage developed so lapidly that they 
could not wait for the development of a collateial circulation This did not 
occur in any of the cases repoited in this paper Howevei, it was necessaiy 
to opeiate early in Case 1, because of infection and secondary hemoirhage, 
and m Case 28, because of impending hemorrhage and lapidly progressive 
median neive paialysis A lapidly using general venous pressure should 
probably be regaided as an indication foi eaily opeiation, even though the 
heart may not appear, clinically, to be badly affected 

During the period of time that operation is being delayed, it is our feeling 
that more effoit should be made to improve the chances of spontaneous heal- 
ing than has been made 111 the past Keeping the patient m the hospital dui- 
mg this time not only allows the adoption of measui es to promote spontaneous 
healing, but also is the surest way of remaining m touch with charity patients 
In our series of cases we were nevei able to trace three patients who piomised 
to come back for latei operations (Nos 3, 7 and 26) 

Standard Curative, Operative Pi ocediti es — The essential thing 111 the 
operative cure of arteriovenous and cirsoid aneuiysms is to eliminate all pos- 
sibilities of any blood ever again passing through the fistulae The piocedures 
which have been used and which accomplish this end are 

(1) Closine of the Fistula, with Restoration of the Vein and Artery 

This procedui e would appear, at first thought, to be ideal and physiologic 
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However, in many cases this has been followed by senous pulmonaiy com- 
plications, due to embolisms of an, and blood clots fiom thrombosis at the 
site of the opeiation Besides, the enoimous venous dilatations in old cases 
make it unnecessary The ligation of the involved veins piobably results m 
a bettei balance between the artenal and venous beds, even though the arteiy 
is lestored This procedme was not earned out in any of oui cases 

(2) Sutuie of Fistula with Restoi ation of Aiteiy and Ligation of the 
Vein — When the aitenal wall is not atrophied and no danger is anticipated 
fiom a sudden lestoration of normal blood pressuie, theie is no objection to 
this piocedure It is particulaily desnable where operations are performed 
early, as is fiequently done in Euiope, and befoie there has been tune for the 
development of an adequate collateral circulation In the late cases where 
seveie changes have occuried in the pioximal arteiy and theie is abundant 
collateial cn dilation, we do not believe in attempting to lestoie the artery 
It is not necessaiy, and occasionally theie develops a tiue aitenal aneuiysm 
after closure of the fistula This happened m a case leported pieviously by 
Reid 1 This procedure was not done in any of the cases repoited in this 
sei les When one elects this opei ative pi ocedui e, a pai t of the vein can often 
be used to advantage in closing the defect in the aiteiy 

(3) Quadiuple Ligation of the Aiteiy and Vein — This procedme is cer- 
tain of succeeding only wheie all the intei veiling branches are ligated, other- 
wise, the chances of the 1 etui 11 of the aneuiysm to its pietious state are ex- 
cellent In addition, this pi ocedui e carries the additional dangers of ligation 111 
continuity as compaied with those of division of the aitery 

(4) Ligation of the Canal of Communication — This procedure is prob- 
ably dangeious and, besides, is laiely possible technically It was done 111 one 
of Reid’s early cases where the fistula was only six months old, and the canal 
of communication small and easily identifiable 

(5) Extu patron of Both Vein and Aiteiy at the Site of Fistula , with 
Quadiuple Ligation of the Vessels — This was done, whenever possible, in all 
the cases of this senes There must necessarily be exceptions to this proce- 
duie such as 111 the cases of intracranial ai tenovenous aneurysms, certain 
extensive cusoid aneuiysms and, occasionally, undei othei circumstances which 
will be discussed latei Complete extirpation certainly obliterates the fistula 
and, in Reid’s cases, has given most satisfactory lesults Procedures which 
lequire the use of a tourniquet have, when possible, been avoided For this 
reason we have had little experience with the Matas intrasacular restorative 
and oblitei ative pi ocedui es In a few cases wheie we have elected this 
method of operating, the conti ol of hemorrhage, after removal of the tour- 
niquet, has been moie tioublesome than when a slow dissection was made 
without a tourniquet This was especially tiue 111 Case 12 of our series 

(6) Ligation and Division of the Involved Vessels and Ti ansfiuon Oc- 
clusion of the Fistula — This is a procedure which has been employed 111 two 
cases (Nos 13 and 24, Figs 1, 2, 3, 4 and 5), and seems to us to be an 
effective method of assuring the closuie of the fistula when the hazards of 
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total ablation appeal to be too gieat There is no danger of hemorrhage from 
punctmmg the vein with double biaided silk after the ligations of the arteiy 
and distal vein 

(7) Cl osii) e of the Fistula by Means of Dividing and Twisting the Vein — 
This is probably a new procedure and was effectively employed m Cases 
23 and 25 (Figs 12, 13, 14, 19, 20, 21 and 22) In these two cases it was 
impossible to expose the vessels distal to the point of the fistulae In one case 
(Case 23) it was obvious that the patient would not toleiate a proximal liga- 
tion of the aitery in addition to the twisting of the vein Yet the autopsy, a 
year or more later, showed that the fistula was completely healed without any 
disurbance in the lumen of the artery This technic of operating appears to 
us to have a definite application in Some of those cases where it is not possible 
to use any of the other standard, curative procedures which have been dis- 
cussed Since the idea of this operative piocedure occurred to us, we have 
not had a case of pulsating exophthalmos in which we would like to divide 
and free and twist the proximal portion of the supia-orbital vein in addition 
to whatevei else might be undei taken in the neck 

Palliative Opo a five Piocedures — In old cases, when the heart is badly 
damaged, theie may be some question as to whether the heait can stand the 
physiologic change incident to a sudden closuie of the fistula Both Matas 
and Holman have spoken of this and have advocated, and cite, the employ- 
ment of such pioceduies as repeated temporary digital compressions of the 
fistula m order giadually to accustom the heart to a peimanent closure of the 
fistula In none of the cases in this series did it appear necessary to adopt 
these preoperative procedures, although in Case 24, there occurred a rather 
alarming bradycardia after the opeiation and, at operation, the pioximal aitery 
came near rupturing when it was ligated 

In one of Reid’s cases, reported in 1925, Halsted ligated the proximal vein 
with great relief to the heart When the measures advocated by Matas leave 
a real doubt as to whether the heart can stand a sudden extirpation of the 
fistula, it might be well to consider preliminary ligations of the proximal, or 
even the proximal and distal vein, before pei forming the operation which 
will permanently close the fistula 

Mistakes m Operative Procedures —In geneial, any procedures which do 
not actually close the fistula are undesirable and run serious risks of not only 
failing to cure the aneurysms, but of causing serious circulatory disturbances 
peripheral to the fistulae An untold number of limbs have become gan- 
grenous and have had to be amputated because of the simple proximal liga- 
tion of the a? tety It is far more dangerous than the ligation of an artery for 
an arterial aneurysm, for the shunt or spillway remains and there is no longer 
enough arterial force to push the blood beyond it Although all authors dis- 
cussing this subject in recent years have severely criticized the proximal liga- 
tion of the artery for arteriovenous aneurysms, it is still unnecessarily done 
In Case 13 (Fig 1), the patient was made an invalid for over a year and 
almost lost his leg following a proximal ligation of the artery 
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In the pi ecedmg pai agi aph we have used the word “unnecessai lly,” f 01 thei e 
aie some abnoimal aitenovenous communications foi which it still seems nec- 
essaiy to take the nsk of peifoimmg a pioximal ligation of the aiteiy In 
the case of the extensive cusoid aneurysm, wheie a dnect attack upon the 
numeious fistulae is impossible, theie is appaiently no nsk in ligating almost 
as many pioxnnal aitenes and veins as one can find (Cases 5, 9 and 10) 
Again in cases of pulsating exophthalmos (Nos 2 and 20), and in such a case 
as Case 4, it would appeal better to take the chances of a pioximal ligation than 
to cairy out the chiect attacks upon the fistulae In addition to ligating the 
external caiotid and occluding the common caiotid with a lemovable metallic 
band, we shall in the futuie tiy dividing and twisting the supia-oibital vein 
as has alieady been suggested The ligation of the jugulai vein, as adrocated 
by Holman, should piobably also be done 

SUMMARY 

(1) An analysis of 21 cases of aitenovenous and nine cases of cusoid 
aneurysms is presented, which is supplemented by obseivations upon experi- 
mentally pioduced aitenovenous aneuiysms in dogs 

(2) Sixteen of the aitenovenous aneuiysms weie opeiated upon and all 
of them, except one case of pulsating exophthalmos, weie cuied In two in- 
stances the aneuiysms healed spontaneously without opeiation Four patients 
failed to leturn foi latei operations and could nevei be tiaced All of the 
nine cirsoid aneuijsms weie opeiated upon, tluee weie cuied and the othei 
six weie moie 01 less impioved There weie no deaths m the entne series of 
30 cases Theie was a total of 39 operations upon the 24 patients who weie 
subjected to suigical tieatment 

(3) Clinical and experimental obseivations which may tlnow some light 
upon the physiologic and pathologic effects of arteriovenous fistulae aie dis- 
cussed 111 some detail The pnncipal effects noted and studied were Ten 
instances of caidiac damage, 11 instances of thinning and dilatation of the 
pioximal aiteiy, cu culation time upon six patients, blood volume upon three 
patients, ten instances of Bianham’s biadycaidic phenomenon, 13 instances 
of blood piessuie alteiations, studies upon the venous blood piessures of nine 
patients, nine instances of maikedly increased collateial circulation, five in- 
stances of impairment of the cu culation penpheial to the fistula, five instances 
of an mciease in the size and length of an extiemity, fom instances of asso- 
ciated nerve paralyses, two instances of double aitenovenous fistulae, and two 
instances of spontaneous healing of the aneuiysm 

(4) In our limited clinical and experimental obseivations, we could not 
confirm Holman’s findings of a marked mciease of the total cu dilating blood 

(5) A Ventun metei was used 111 some of the expeiiments to measuie the 
flow of blood m a segment of the vena cava An easy method of making an 
aitenovenous fistula which can be alternately closed and opened is illustrated 

(6) The time to opeiate, and the standard curative operative proceduies 
are discussed Two new operative proceduies aie lllustiated and desciibed hi 
the case repoits 
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Discussion —Dr James M Mason (Bnmingham, Ala) stated that 
Though first desenbed by William Huntei, 111 1757, suigeiy had added but 
little to the treatment of ai tei lovenous aueuiysms until the penod of the 
Woild War Osier vigoiously opposed operation, and the outstanding con- 
tributions of Amei lean suigeons up to this time weie the lecogmtion and de- 
scnption by Branham, m 1890, of the biadycardic phenomenon which now 
beais his name, and the leport by Matas, m 1902, of the successful opeiation 
upon a subclavian ai teriovenous aneurysm, the sixth opeiation which had ever 
been undei taken for the relief of fistulae involving these vessels 

The number of cases resulting fiom war wounds was enoimous, and be- 
came the subject of cntical study, which led Gundeimann, Caro, Makms, 
Cazamian and others, between 1915 and 1917, to suspect, and finally to recog- 
nize, a definite lelationship between artei lovenous communications and asso- 
ciated lieait lesions In 1914, Reid began his expenmental woik on vascular 
suigeiy undei the direction of Halsted and stated that “In the course of two 
01 tin ee yeais we weie fully convinced that a fistula between the large vessels 
of the neck or legs may cause marked hypei trophy and dilatation of the heait, 
and, in some instances, caidiac decompensation and death ” 
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The clinical and experimental studies which were undertaken to establish 
this relationship have been among the most extensive and interesting in the 
history of medicine Not until they proved the suspected relationship to be 
an established fact was the senousness of aiteriovenous aneuiysms fully real- 
ized Halsted’s death, m 1922, prevented him from taking an active pait in 
the further development of this type of vascular surgery, but the work ini- 
tiated by him, and continued by his coworkers, has aided immeasurably 

The “Indications for Operation,” so clearly stated by Reid in foimer 
papeis, and the operative piocedures which he then advocated, have withstood 
the most critical tests and aie restated in his present paper To these opera- 
tive procedures he has added two ingenious methods of closing fistulae difficult 
of access or too extensive foi excision, namely, twisting of the vein and fixa- 
tion at the site of the fistula, and occlusion of the fistula by transfixion sutures 
after ligation of the vein and ligation of the aitery 

Two questions in regaid to aiteriovenous aneuiysms interest me greatly 
(1) Why, m some instances, do caidiac symptoms appear early and progress 
lapidly, while m otlieis then appearance is delayed and their progress more 
gradual ? (2) What measuies may we safely employ when decompensation 

makes early opeiation impel ative ? 

In my senes of traumatic fistulae are one chronic and four acute cases in- 
volving the subclavian vessels The chronic case was seen three years after 
lus lnjuiy The heait was seriously damaged, but he was at work as a chauf- 
feur and lefused opeiation He is still at work, neaily eight years after Ins 
mjuiy In one of the acute cases, caidiac decompensation had reached a 
grave stage at the end of 30 days, and operation was carried out on the sev- 
enty-seventh day In another instance, decompensation resulted m death on 
the fourth day before any opeiative measures were undertaken In two cases 
opeiated upon at the end of foui months, neither patient showed any heart 
symptoms of moment 

In the cases of early decompensation, little gross change in the vessels 
adjacent to the fistula was noted at operation or autopsy The proximal 
veins weie unobsti ucted, and, 111 one instance, seemed rather dilated The 
cases without decompensation showed very large varicosities at the site of the 
fistula and immediately distal to it In one instance, thrombophlebitis had 
developed soon aftei the injury and extended well down the arm This, 
lion ever, had subsided and no thrombus was piesent at the time of opeiation 
In the experimental fistulae of Holman and Stultz, quoted by Tixier and 
Arnulf, some cases failed to develop caichac lesions They attributed this to 
thrombosis in the vein pioximal to the fistula, which pi evented the lapid re- 
turn of blood to the heait Reid, Stone, and Holman have made the clinical 
obseivation that cardiac symptoms weie much impioved by proximal ligation 
of the vein Tixier and Arnulf, and also Matas, have commented favorably 
upon the possibility of temporarily relieving early acute decompensation by 
pioximal ligation of the vein, to be followed later, of course, by cuiative 
opeiation upon the fistula itself The thrombophlebitis which was present in 
one of my cases may have extended into the proximal vein The stuffing 
similarity in the vances 111 the other patient suggests the possibility of an un- 
recognized thi ombophlebitis 111 that case 

I11 cases undei my caie there have been two spontaneous lecovenes, one 
111 the femoral vessels at the gioin and one 111 the postenoi tibial vessels jus 
above the ankle 

Dr Johnson McGuire (closing) I think the questions which Doctor 
Mason has asked are particularly mteiestmg, especially those lelative to t e 
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cause foi cardiac decompensation m ai tei lovenous aneurysms and the decision 
as to the piopei time to opeiate 

In one of the patients Doctoi Reid has desuibed, digitalis failed to impiove 
the patient’s clinical condition In this case, progiessive mciease in the level 
of the venous piessuie occurred Consequently, opeiation was decided upon 
as an emergency procedure Immediate impiovement occuired 

As to why the heaits of certain of these patients become senously damaged 
and otheis do not, we have felt that the size of the fistula is an important 
factoi With large fistulae, the heart has to pump a large volume of blood 
and is relatively quickly exhausted by excessive woik Also the fundamental 
condition of the heait muscle may be of significance, as a patient with arterio- 
scleiotic heart disease would develop failuie moie rapidly than would a noimal 
individual with fistulae of equal size 

The work of the heart may roughly be calculated if one multiplies the 
blood pressure by the cardiac output It is our feeling that constant work, 
day and night, increases the amount of blood that the heart has to handle, as 
shown by the measui ements with the V entun metei , and is the pi obable cause 
of cardiac failure 

The theory of Sir Thomas Lewis, that heait failure in arteriovenous fis- 
tulae is caused by inadequate coronaiy blood flow, due to the fact that the 
diastolic aortic pressure is lowered, has been recently challenged, since measui e- 
ments of coionary blood flow m the presence of artificial ai tenovenous aneu- 
lysms have failed to demonstrate a significant decline of blood flow m the 
coionaiy arteries 
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Abnormal ai tei lovenous communications are piopeily divided into two 
gioups — the congenital and the acquiied The latter group is subdivided into 
those of traumatic ongin, which lepiesent, by fai, the largest group of aiteno- 
venous fistulae, and those of so-called spontaneous origin The latter aie the 
result of disease of the artenal wall, they aie caused, in almost all instances, 
by syphilitic aneuiysms that have peifoiated into contiguous veins These 
lesions represent the laiest type of aitei lovenous fistula Although a few 
cases of spontaneous acquiied lesions in the peripheral vessels are on lecord, 
it is probable that they have been confused at times with congenital fistulae 
Most of the tiue spontaneous fistulae aie complications of aoitic aneurysm 
and occur within the thoi ax, wheie peif oration may take place into the 
supenoi vena cava, the pulmonary vessels 01 the heart itself Up until 1930, 
there had been lecorded about 75 instances of spontaneous communication 
between the aoita and the superior vena cava, 1 2 3 4 5 and a somewhat chai- 
actenstic clinical pictui e has been desci ibed 

Spontaneous fistulae below the diaphiagm aie apparently very unusual 
Matas, 0 in 1909, stated that Bomet, in collecting 114 spontaneous aitei lo- 
venous fistulae, had found only 20 that involved the abdominal aoita and the 
mfenoi vena cava Reid, 7 in 1925, added no othei leferences, and a com- 
plete search of titles, since 1925, levealed no fuithei lepoits It is possible, 
of course, that fuither examples may be hidden m the nch hteiatuie of arterio- 
venous fistulae, which has not been exhaustively seal ched The relative rarity 
of the abdominal lesion as compaied to the thoiacic lesion is, of course, ex- 
plained by the lelative mfiequency of abdominal aneurysm as compaied to 
thoiacic aneuiysm 

The appended histoiy of a case of spontaneous aitenovenous fistula con- 
necting the abdominal aorta and the inferior vena cava is repoited 


Case Report — University of Virginia Hospital No 114,836 J A, colored, male, 
age 37, entered the hospital February 1, 1935 The patient had been married for 15 
j ears , his wife had never been pregnant The past history was unimportant, except for 
the occurrence of a chancre about ten or 12 years previously At that time he ia 
been treated with four injections in the arm In childhood he had received se\cre 
barbed wire cuts over the left abdomen and chest 

He had been in good health until 18 months before entrance At that time he began 
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to have pain m the lower part of his back, with swelling of his legs He was given 
magnesium sulphate for his edema and several injections in the arm He improved 
somewhat until six months before entrance, when both the swelling and the pain became 
worse Two months later, he noticed enlargement of the veins of his abdomen and 
chest, and, two weeks before entrance, a “knocking” over his right abdomen There was 
no dyspnea, orthopnea, hemoptysis, or cough There had been no disturbances in the 
neuromuscular mechanism, and there was no history of recent injury 
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Fm 1 Photograph of the patient showing the swelling of the legs and scrotum, dermatitis of left 
shin, enlarged superficial \eins, scars of barbed wire cuts on abdomen and chest, and the outline of 
the abdominal masses 

Pig 2 Photograph showing the enlarged left thoraco epig istric \em and scats of the barbed 
wire cuts 

Physical Examination revealed a rather undernourished Negro with marked swell- 
ing of the legs that hampered his walking (Fig i) In the left upper abdomen, parallel 
to the costal margin, was a long keloid, representing the barbed wire cut of childhood 
A similar scar crossed the right upper chest The veins in the upper thighs, the epi- 
gastric veins and the anterior thoracic veins were markedly dilated and tortuous (Fig 
2) The veins over the scrotum were enlarged and a marked degree of "varicocele was 
present 

A diffuse apex impulse was seen and felt most prominently in the fifth interspace 
about 3 cm lateral to the nndclavicular line A loud systolic murmur was heard all 
over the precordium No definite diastolic murmur was present, but the second sound 
was accentuated The murmur was transmitted to the neck and axilla The rhythm 
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was regular and the rate ranged between 80 and go The systolic blood pressure in the 
arms averaged 160 and the diastolic 70, the average pulse pressure, therefore, being about 
90 Mm Hg 

Abdominal palpation revealed two masses To the right and just above the 
umbilicus (Fig 1) there was felt a mass about 8 cm in diameter, spherical in outline, 
firmly fixed and not tender It presented a marked expansile pulsation with a con- 
tinuous coarse thrill, accentuated during systole On auscultation, a loud continuous 
bruit with systolic accentuation, the typical “machinery murmur,” was heard The 
same type of murmur could be heard with less intensity over the dilated veins of the 
abdomen and even over those in the scrotum 

The second mass occupied the position of the lower half of the rectus muscles (Fig 
1) This mass was firm, sharply defined, without pulsation, thrill or bruit, and with- 
out tenderness It remained easily palpable when the rectus muscles were contracted and 
gave the impression of being superficial 

No other masses were felt, nor was the liver or spleen palpable There were no 
signs of free fluid in the abdominal cavity 

The left leg was more swollen than the right (Fig 1) About the ankles and feet 
there was pitting edema, but in the calves and thighs the tissues were of brawny con- 
sistency and somewhat tender, presenting the typical characteristics of elephantiasis 
The cn cumference of the right thigh was 57 cm , of the left thigh, 62 5 cm , of the 
right calf, 39 5 cm , and of the left calf, 33 5 cm Over the anterior portion of the left 
lower leg was an area of scaly dermatitis There was slight edema of the penis and 


scrotum 

The edema of the left leg was too marked to permit palpation of the arterial pulsa- 
tions The dorsalis pedis and the posterior tibial arteries were easily palpable on the 
right and the pulsations seemed of good quality The systolic blood pressure in the 
right leg was about 20 Mm Hg lower than the pressure in the arms 

Laboiatoiy Data and Special Examinations — The blood Wassermann and Kahn 
reactions were strongly positive The led cell count was 3,440,000, and the hemoglobin 
74 per cent (Dare) The white cell count was 8,200 with normal cell distribution The 
urine presented occasional white blood cells and rare red blood cells Phenolsul- 
phonphthalein output was 70 per cent 111 two hours after intravenous injection The 
blood from the enlarged left thoraco-epigastnc vein showed an oxygen saturation of 55 
per cent as compared with 23 per cent in the blood from the right basilic vein Although 
these low readings are somewhat questionable as absolute values, yet, having been 
measured with the same apparatus and reagents at the same time, they are probably 
comparable The venous pressure m the left thoraco-epigastric vein was 400 
water, that in the left basilic vein 60 Mm of water The P-R interval was 021 of a 
second, interpreted as being suggestive of heart disease 

The seven-foot roentgenogram of the chest showed the heart to be somewhat en- 
larged to the left, with possibly slight enlargement to the right No abnormality of 
the thoracic aorta was seen The width of the heart shadow was 58 per cent of the 
width of the bony thorax Roentgenograms of the lungs and abdomen presented noth- 
ing remarkable The lateral view of the lumbar spine revealed no evidence of bone 
erosion A pyelogram, after injection of hippuran, revealed no abnormalities, except for 
slight displacement to the right of the right ureter at the level of the third lumbar 


vertebra 

Pi cope) at we Diagnosis — A diagnosis was made of an arteriovenous fistula within 
the abdomen, involving the inferior vena cava and probably the descending aorta below 
the exit of the renal arteries It was believed that the lesion was of spontaneous nature 
and was probably due to syphilis The possibility of a preceding aneurysm seemcc 
strong The marked increase in svmptoms m the preceding two weeks, the definite 
evidence of cardiac enlargement, and the absence of any other possible mode of attac 
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rendered surgical intervention inescapable, although it was realized that the chance of 
cure was remote 

The patient received daily injections of bismuth for four days before operation 
During the last 24 hours the patient was digitalized Preparations were made for 
transfusion 

Opetatton — February 7, 1935 Under drop-ether anesthesia, a long right lectus 
incision was made The subcutaneous tissue below the level of the umbilicus consisted 
almost entirely of a plexus of enlarged, distended, tortuous veins, the ligation of which 
was tedious and time consuming On opening the abdominal cavity, no free fluid was 
found Bimanual palpation of the firm mass m the lower abdomen revealed it to be 
within the abdominal wall and incision into it showed it to consist of a hard edema of 
the lower half of the rectus abdomms muscles, resembling elephantiasis (Fig 3) It 
was considered to represent the same changes m the rectus muscle as were present 111 
the legs 



Fig 3 — Photomicrograph from the lectus ab 
dommis muscle (postmoitem specimen) showing edema, 
fibrosis and ceiiuhr infiltration (Connective tissue 
stain ) 


An incision at the left of the root of the mesentery exposed the pulsating mass which 
consisted of a typical aneurysm about three inches in diameter Over it, a marked, 
coarse thrill could be felt, which was transmitted downward into the region of the 
inferior vena cava and common iliac veins The veins in the posterior abdominal wall 
were markedty dilated, including what was thought to be the spermatic vein 

In the superior wall of the aneurysm, a point of threatening rupture was apparent 
It was, therefore, thought best to control the circulation entering the sac before further 
dissection All the tissues m the neighborhood of the aneurysm were markedly inflamed 
and dissection was difficult Tapes were placed about the abdominal aorta, the vena 
cava above the sac, and two vessels below the sac, which were considered to be the 
aorta and the vena cava When the aorta above the sac was ligated (Chart x), there 
was no drop m pulse, but the thrill disappeared and the blood pressure rose about 30 
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Mm Hg During the dissection, the weak point in the sac ruptured and had to be 
plugged with the finger After quadruple ligation, blood still escaped freely from the 
sac, and further dissection was attempted to find other entering vessels At this time 
it became obvious that the retroperitoneal tissues, distal to the sac, were thickened, 
edematous and scarred, presenting the pathologic appearance of elephantiasis, similar to 
that described m the legs and rectus abdominis muscles It was impossible to identify 
any structures, including even the larger vessels With increasing size m the accidental 
opening in the sac the situation became critical It was necessary to pack the sac with 
gauze, pressure upon which controlled all bleeding 



Chvrt i — S howing the ranges of blood pressure and pulse rate during the operation 
Note the absence of important changes paiticulaily in the pulse rate and pulse pressure, 
after ligation of the abdominal aorta Note, also the absence of shock at the end of the 
operation, which lasted three and one half hours 


Any attempt to remove the gauze resulted in the free escape of venous blood The 
sac was, therefore, repacked and the abdomen was closed with silk No stay sutures 
were employed, in order to avoid the possibility of obstructing the deep epigastric arteries 
as potential or actual collaterals 

During the operation the patient received 1,200 cc of normal saline solution I 11 
spite of an operation lasting three and one-half hours and a considerable loss of blood, 
he was returned to the ward in excellent condition, with a pulse of 9° an< ^ a 
pressure of 130/60 (Chart 1) 

Postopci ativc Cow sc — Shortly thereafter, the blood pressure dropped to 100/60, an 
later numerous extrasystoles developed At about this time there was a sharp rise in 
sistolic blood pressure to 160, which was not sustained, the blood pressure shorth before 
death was 120/S0 The patient died 15 hours after the end of the operation A ter 
operation the patient voluntarilj moved the feet and legs slightly, but during the as 
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ten hours of life he was unable to move them No venous pressures were obtained 
during the agonal period 

Autopsy — At postmortem examination, the heart was found definitely enlarged and 
by pertroplued It weighed 490 Gm The walls of both ventricles were somewhat in- 
creased 111 thickness There was moderate dilatation of the light side of the heart and 
none of the left There w>as no excess pleural fluid, but there rvas a slight degree of 
chronic passive congestion of the liver Except for syphilitic aortitis, there were no other 
abnormalities related to the presenting lesion 

It w r as found that the fistula, measuring 1 cm in diam- 
eter, lay at the lower pole of an abdominal aneurysm, which 
involved the lower portion of the descending aorta from 
below the spermatic arteries to the bifurcation (Fig 4) 

The inferior vena cava was firmly attached to the wall of 
the aneury sm above the fistula and was markedly narrowed 
The appearances suggested that there had been marked 
compression of the vena cava by the aneurysm preceding 
the occurrence of the fistula The inferior mesenteric 
artery which had not been recognized at operation was 
found to originate from the posterior portion of the sac 
wall The vessels that had been ligated w r ere found to be 
the descending aorta and the inferior vena cava above the 
sac, and the turn common iliac arteries below r the sac With- 
out control of the inferior mesenteric artery, the lumbar 
arteries and the vena cava below the sac, the free bleeding 
after supposed quadrilateral ligation was readily explained 

The reason for the difficulty in identification of vessels 
also became apparent On account of the retroperitoneal 
inflammatory tissue and edema, presumably the result of 
prolonged venous stasis, the pathologist could identify the 
vessels only after extensive dissection with the material re- 
moved from the abdomen 

In letrospect, it is believed that the patient suf- 
fered for about 18 months fiom compression of 
the inferior vena cava as the result of an aoitic 
aneurysm It is probable that perforation of the 
aneurysm mto the vena cava occurred not more 
than 16 weeks, and possibly only two weeks, be- 
fore admission It is felt that such a large fistula, 
situated such a short distance from the heart, should 
have caused moie marked cardiac symptoms and 
moie apparent signs of cardiac failure unless the 
duration had been relatively short 

It is interesting that the ligation of the abdominal aorta was not associated 
with any immediate change 111 pulse rate, although there was a rise of 30 Mm 
Hg m systolic piessuie It is also interesting that, m spite of aiterial con- 
tiol of the fistula, theie was no immediate maiked diminution of the pulse 
pressure 

It is probable that the condition was inoperable, although the necessity 
foi au operative attempt was obvious The difficulty encountered by the 
pathologist m identifying the vessels under favoiable postmoitem conditions 
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Fig 4 — Diagram of ac 
tual conditions as found at 
•lutopsj The position of the 
fistula and the compression of 
the proximal \ena ca\a are 
indicated The points of oper 
ati\e ligation are indicated 
D A = descending aorta, V 
Cl— lena caia inferior, 
R R A , L R A = right 
and left renal arterj , R R V , 
L R V ~ right and left renal 
tein, R S A , L S A, = 
right and left spermatic arterj , 
R S V , L S V — right and 
left spermatic -vein, A = aneur 
jsm, I M A = inferior mes 
enteric arterj, F — fistula, S 
A = sacral arterj , R C I A , 
L C I A = right and left 
common iliac artery, R C I 
V , L C I V = right and 
left common iliac \ein 
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was so gieat, and the vessels that would have had to be identified and ligated 
for complete conti ol of the fistula weie so numeious, that, undei relatively 
unfavorable opeiative conditions, the task became insuperable 

The cause of death is not obvious Shock 01 caidiac failure cannot be 
assumed m the face of an agonal systolic blood piessure of 120 Mm Hg 
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Walter D Wise, M D , and Ephraim T Lisansky, M D 
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Case Report— J D, white, male, age 33, was admitted to the Mercy Hospital, 
Baltimore, July 4, 1937 He complained of venous enlargements which extended from 
the left nipple line to the terminal point of the left foot and covered a corresponding area 
on the posterior surface These varicosities were present on the left side only He 
stated that the condition had existed since birth, and had neither diminished nor increased 
in severity or anatomic extent He also complained of a slight limp, and occasional pam 
in the region of the varicosities He has never at any time been incapacitated due to 
this condition He had never had any serious illness in his life, other than the complaint 
mentioned His family history was entirely negative 

Physical Examination showed a young man, lying comfortably in bed with no 
apparent discomfort Head Scalp and ears negative , eyes - — very nearsighted, both optic 
nerves normal, retinae normal, congenital myopia of seven to eight diopters m each eye , 
nose — breathing space rather limited and septum deviated to the right, mouth — teeth in 
rather good condition, two artificial teeth in lower jaw, all else negative, mucous mem- 
branes of good color Neck No abnormal pulsations, no enlargement of vessels, a few 
small lymph nodes palpable on left side Chest Lungs negative Hem t Apex beat was 
not visible or palpable No abnormal thrusts, thrills or shocks Percussion outline was 
clearly normal and apex within midclavicular line in fifth interspace Auscultation — 
mitral sounds slightly muffled but no murmurs present Aortic area negative Pulmonic 
area negative Pulse of equal force and rate, the latter remaining between 70 and 80 
during his entire hospitalization 

General examination showed an enlargement of venous channels, both small and 
large, which was restricted entirely to the left side of the body Anteriorly, the vari- 
cosities began about one inch above the nipple line and posteriorly at a corresponding 
level, sweeping around the left side of the chest The venous enlargements were multiple, 
bluish colored, discrete and confluent In the sitting or standing position, they became 

much more prominent Anteriorly, they continued down over the left side of the 

abdomen and presented a number of large single dilatations Posteriorly, there were no 
varicosities from the inferior angle of the scapula to the level of the crest of the ilium 

where they began to present a network of anastomosing vessels The penis and scrotum 

were also affected, the dilatations being limited to the left side The lower extremity 
was particularly affected The left thigh, knee, leg, and especially the ankle, foot and 
toes on the left side were covered by a conglomerate mass of dilated vessels (Fig 1) 
There was no tenderness on palpation The left side of the patient, from the nipple line 
down, was noticeably warmer to the touch than was the right side There was no bruit 
heard, no thrill felt and no subjective sensation of thrill or throbbing The skin over 
the right scapula was covered by a rather heavy growth of hair This was not present 
on the opposite side The upper extremities weie not affected by venous enlargement 
Blood pressure in both arms was 110/70 Pressure over the left femoral artery caused 
no change m heart rate The reflexes in the lower extremities were active and equal 
Muscle tone m the left lower extremity was much weaker than m the right On palpation 
the muscles of the left lower extremity were much smaller and softer than corresponding 
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muscles on the opposite side However, the left lower extremity was larger in circum- 
ference at almost every point than the right lower extremity Five centimeters above 
the knee, the left thigh was i 3 cm larger than the measurement at the corresponding 
point on the opposite side The left knee was 2 5 cm larger than the right knee Over 
the midpoint of the belly of gastrocnemius, the left side was 2 5 cm larger than the 
measuiement at the corresponding point on the opposite side The ankle on the left 
side was 5 cm larger than the right The toes on the left foot showed hypertrophy of 
the cutaneous tissue, and each toe measured more m circumference than the corresponding 
toe on the opposite foot The left lower extremity was 3 5 cm longer than the unaffected 
extremity With the patient in the erect position, the left leg, ankle and foot became 
swollen and cyanotic and the vessels became markedly engorged 

Blood pressure variation in lower ex- 
tremities 

Arterial Right popliteal region 130/78 
Left popliteal region 156/100 

Venous * the venous pressure was 40 
Mm of water higher on the left side than 
on the right side 

Temperature Variations 

(1) Water bath immersion method 2 0 
F difference The left foot consistently re- 
vealed a higher temperature than the right 
foot 

(2) Thermocouple determinations Cu- 
taneous, subcutaneous, and intramuscular 
temperature determinations of corresponding 
points on both sides showed that the left 
side registered a consistently higher tempera- 
ture (Table I) 

These temperature differences were 
measured by means of a copper constantan 
thermocouple, the junctions of which were 
mounted inside hypodermic needles Tem- 
perature readings were obtained by placing 
the needles on the skin, subcutaneously and 
directly into the bellies of the gastrocnemn This thermocouple was originally designed 
for the measurement of internal temperatures of animals It was used in conjunction with 
a sensitive galvanometer The calibration of the thermocouple galvanometer combination 
was performed by immersing the two junctions in two beakers of water at different 
temperatures, these temperatures being read by thermometers The sensitivity of the 
combination was found to be 70 Mm of deflection = 1 degree C, and 3 9 Mm of de- 
flection — 1 degree F Therefore, a difference m temperature could be measured to 
within about 1/70 of a degree C or 1/40 of a degree F 

Roentgenologic Findings — Left foot — swelling of soft tissues on dorsal and inner 
surface of foot Bone atrophy with striation of both metatarsal and tarsal bones No 
bone destruction or new bone formation Left ilium — negative Left femur and knee 
marked striation Left leg — marked forward and inward bowing of tibia with striation and 
numerous small areas of bone absorption Bone not enlarged Left fibula — enlargement 
with bending forward and inward, and rather marked striation with numerous areas o 
bone absorption throughout (Fig 2) Right tibia, fibula (Fig 3)> femur, hip and ilium 
no pathology shown - 

* Two indirect methods used (1) Gaertner’s, and (2) modified Eysters Venous 
pressure was taken at corresponding points on each side with lower extremities in sirm a 
position 



Tig 1 — Showing varicosities from above 
the left nipple line to the toes (Infra red tech 
me ) Insert Same as Tig 1, with ordinary pho 
tography 
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Region of Body 

I Ankle (surface) 

II Middle third of leg (surface) 

A Particularly venous region 
B Region devoid of abnormal veins 

III Intramuscular determination (gastrocnemius muscle) — x inch below skm 

IV Thigh (subcutaneous) 

V Upper popliteal region (surface) 

VI Posterior iliac region (subcutaneous) 

VII Midaullary region (surface) 


Inc Temp 
on Left* 

2 i°F t 

2 3°F 

0 4°F 

1 2°F 

0 5°F 

1 2° P 
r i°F 
o 4°F 


* The degree of temperature difference between the right and left sides, or to what 
extent the left lower extremity and left side of chest and abdomen were warmer than corre- 
sponding points on the right side 

f Temperature accuracy was to i /70 of a degree centigrade or 1/40 of a degree Fahrenheit 


Fig 2 


Fig 3 



Fig 2 — Left or affected tibia and fibula See text for descuption 
Fig 3 — Right or unaffected tibia and fibula 


Elect} ocaidtogtciphic Findings — Essentially normal tracing No evidence of any 
pathologic condition being present 

Oxygen Dctci initiations m Venous Blood of Right and Left Loivci E\tictmtics 
(a) Blood taken at corresponding levels on both sides from venous channels 


Right or Normal Side 
3 79 vol % or 49 9% Oi saturation 
9 4 v ol % or 39 6% 0> saturation 
1 1 85 vol % or 47 5% O2 saturation 

Therefore, the venous blood of the left 
has a higher 0* concentration than the venous 


Left or Affected Side 

7 59 vol % or 100% O2 saturation 

23 7 vol % or 100% 0 2 saturation 

24 88 vol % or 100% 0> saturation 

lower extremity which is the one affected, 
blood of the normal limb 
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(b) Venous blood on right side — bluish or dark red Venous blood on left side — 
bright red 

Summary — Points substantiating a diagnosis of congenital arteriovenous 
fistula or fistulae 

(1) Visible venous enlargements on left side since birth 

(2) Increased venous piessuie on left side 

(3) Venous blood of much brightei hue on left side than venous blood 
on 1 lght side 

(4) Highei Oo saturation of venous blood on left side than O2 saturation 
of venous blood on light side 

(5) Left lower extiemity longer than right lower extremity Left lower 
extremity laiger in cncumference than light lowei extremity at correspond- 
ing points 

(6) Tempeiature of left lowei extremity approximately 2° F higher 
than right lower extiemity 

(7) Left lowei extiemity shows some evidence of musculai atrophy 

(8) Bone atrophy, bowing, stnation and absorption on left side Slight 
degiee of bone enlaigement 
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HEMINEPHRECTOMY IN DISEASE OF THE DOUBLE KIDNEY 

REPORT OF FOURTEEN CASES 

Edwin Beer, M D , and William H Mencher, M D 

New York, N Y 

In this paper, we wish to present an analysis of 104 cases of double 
kidney, and, at the same time, to discuss the operation of heminephrectomy 
as a conseivative measure in dealing with ceitain types of disease with this 
anomaly We shall be able to illustrate this operative procedure by submitting 
a series of 14 cases m which heminephrectomy was the operation of choice 
The frequency of double kidney with complete or incomplete duplication 
of the ureters varies, according to different authois, fiom 1 2 to 10 per cent 
It is geneially stated that a conservative aveiage for the incidence of this 
anomaly is 3 to 4 per cent of all autopsies The anomaly may be unilateral 
or bilateial, with complete double ureteis or bifid uieteis In view of the 
refinements m diagnostic technic which have been developed in recent 3 r ears, 
it should be possible to study a case completely, so that theiapeutic procedure 
can be decided upon m advance 

We have been able to collect a total of 104 cases of double kidney from 
the recoids of Mount Smai Hospital Analyses of this group aie shown m 
the vaiious appended tables 

Table I 

Total Cases Unilateral Double Kidney Bilateral Double Kidney 

104 89 (85 5 %) 15 (14 5 %) 


Table II 






Double 
Ureter or 
Com- 
plete 

Bifid 
Ureter or 
Incom- 
plete 


Show- 

ing 





Type of 


Right 

Left 

Dupli- 

Dupli- 

Symp- 

Pathol- 

Upper 

Lower 

Both 

Opera- 

Lesion 

Total 

Side 

Side 

cation 

cation 

toms 

ogy 

Pole 

Pole 

Poles 

tions 

Unilateral double 
kidney 

89 

43 

46 

60 

( 67 %)* 

28 

( 31 %) 

Sr 

4 8t 

8 

27 

11 

22 

Bilateral double 

hidne> 

IS 

O 

O 

13 

2 

II 

9 t 

0 

4 

2 

3 


* In one case no information could be obtained as to duplication of ureter 
t In two cases pole not mentioned 
t In three cases no information as to the site of the lesion 

Of the 104 cases, theie were 89 of unilateral double kidney (855 per 
cent), and 15 cases of bilateral double kidney (14 5 pei cent) 

Analyzing 89 unilateral double kidneys, 46 were found on the left side 
and 43 on the right side Fifty-one cases had symptoms referable to the 
particular kidney, whereas, the 38 lemaining had no symptoms Sixty cases 
had complete duplication of the ureter (68 per cent) , 28 cases showed mcom- 
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plete duplication (31 pei cent), and 111 one case infoimation concerning this 
point could not be obtained Foity-eight cases showed definite lesions (Table 
II) In 41 cases no definite lesion was discernible, the findings of duplication 
being made eithei at postmortem (24 cases) 01 clinically during routine exam- 
ination It is intei estmg to note that the kidney on the side opposite to the 
one which produced the presenting symptoms was found to contain a lesion m 
17 instances 

Table III 

Upper Pole Lower Pole Both Poles 

8 cases 27 cases 1 1 cases 

Calculus — 3 Calculus — 11 Pyonephrosis — 3 

Pyonephrosis — 1 Pyonephrosis — 9 Pyelonephritis — 3 

Ectopic ureter — 2 Hydronephrosis — 4 Hydronephrosis— 4 

Ureterocele — 1 Tuberculosis — 1 Infection — 1 

Hydronephrosis — 1 Carcinoma — 1 

Ureteritis cystica — 1 

Bilateral double No cases 4 cases 2 cases 

kidnevs Pyonephrosis — 3 Pyelonephritis — 1 

Infected hydrone- Hydronephrosis — 1 

phrosis both 
lower poles — 1 

Of the 15 cases of bilateial double kidneys, 13 cases (87 per cent) showed 
complete duplication of the uietei on both sides In the lemaimng two cases, 
the ui etei s were incompletely duplicated on both sides Thei e were symptoms 
111 11 cases In foui instances, the lesion was limited to the lowei pole, m 
two instances both uppei and lowei poles were involved, and in three cases, 
no infoimation was given as to the site of the lesion Three of the cases 
weie opeiated upon, two having an hemmephi ectomy and the thud a complete 
nephrectomy In six cases there was no definite lesion 

Tabie IV 

TYPES or OPERATIONS 

Total number m both groups — 25 cases 
Heminephrectomy — 14 cases 
Complete nephrectomy — 6 cases 
Ureterolithotomy — 3 cases 
Pyelolithotomy — 1 case 

Cystoscopic cauterization of ureterocele — 1 case 

Theie weie 62 patients in both gioups who had symptoms Of these, 25 
cases weie opeiated upon (Table IV) In othei woids, the incidence of 
symptomatology in all patients with a double kidney m our senes w r as about 
60 per cent, and opeiative theiapy w^as earned out in 25 per cent of all cases, 
with 01 without symptoms Braasch and Scholl 1 leported 30 opeiations m 
144 cases (21 pei cent) Howevei, if the patient bad symptoms referable to 
the kidney, the opeiative rate w r as 40 per cent It is also of interest to note 
that of the 62 patients who had sjmptoms, 55 of these (90 per cent) showed 
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definite lesions An analysis of this senes corroborates the irapiession that 
this type of anomaly piedisposes the organ to senous pathologic changes, such 
as ordinary infection, tubeiculosis, tumor foimation, calculus and, most fie- 
quently, to obstiuctive conditions, leading to hydroneplu osis 01 pyonephiosis 
(hydronephrosis 01 pyonephrosis was the lesion m 27 out of the 52 cases 
[52 pei cent] in which the natuie of the lesion was mentioned) 

In the piesent senes the piedommance of pathology in the lowei pole (31 
out of 39 cases) is evident This seems to be somewhat at vanance with the 
incidence in the cases recoided 111 the hteiature as to the site of the lesion It 
is readily accounted for by the fact that 111 many of those cases leported m 



(A) (B) 

Pig 1 — Tumor of the lower pole of a double kidney (A) Retrograde pyelogram of the lower pole 

(B ) Retrograde pyelogram showing both pehes 


which the upper pole contained the lesion weie those of incontinence, in which 
an ectopic uieter opening was found As is well known, these ectopic open- 
ings'* always communicate with the uppei pole In our sei ics, only two cases 
of ectopic uretei weie piesent In six of the 25 cases, in which opeiation 
was per fanned, hemmephrectomy was conti amdicated, and complete nephrec- 
tomy was necessaiy In one case, a carcinoma was piesent 111 the lowei pole 
(Fig 1 A and B) In one case, theie was a tubeiculous process in the lower 

* The one case in which the ectopic ureter communicated with the lower pole, as 
quoted by Moulonquet, 8 may have involved a nnsintei pretation of the operative findings 
In Case 14, for example, at the original nephrostomy operation, the mass apparently lay 
m the region of the lower pole, although subsequent events showed this to have been a 
huge pyonephrosis of the upper pole which, by sheer weight and size, had so merlapped 
the lower pole that the impression was gained that we were dealing with low r er pole 
pathologA Since the operative details in M Bourgeois’ case are not recorded, it is best 
to withhold judgment until definite proof is afforded 
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pole In the lemammg four cases, the disease had eithei involved both poles, 
01 theie was little functioning renal tissue m the other half 

Anatomy of Double Kidney — The two halves of the kidney may show 
distinct sepai ation, as evidenced by shallow to deep gioovmg in the paren- 



Fig 2 —Case of complete duplication of kidney and ureters, showing communication between 
upper and lower pelves This was proven by injecting blue stained radiopaque solution througn 
one of the two ureter orifices in the bladder and noting blue spurting through the other orihce 
At the same time, the aboie roentgenogram was obtained Further corroboration was obtained o> 
placing one catheter in the second of the two left sided orifices and repeating the above procedure 
The results obtained were the same There was no history of previous disease of this kidney 


chyma The external separation may extend into the interior and the two 
pelves may be completely separated, either by a band of renal parenchyma or 
by a fibious septum Occasionally no external sign of demarcation between 
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the uppei and lowei poles may be noted Instances have been lepoited m 
which wide separation has taken place between the two halves Some of these 
fall into the class of true supernumerary kidneys The existence of true 
intei communication between the pelves has been denied by many, but 
Braasch, 2 Israel 3 and Joseph 4 have descubed such cases, and are agreed 
that tiue communication may exist Mann 5 (Fig 2) and MacKenzie 0 have 
each described this type of anomaly Gruber, 7 however, states that such inter- 
communication is due to fistuhzation, pioduced by gradual eiosion of paien- 
chyma, usually by stone 

The lower pole is usually the larger of the two halves Its pelvis and 
caliceal system may be perfect in outline, wheieas, the pelvis and calices m the 
upper pole are rudimentary and much smaller Double kidney m one or both 
halves of a hoiseshoe kidney may occui, as in Case 4 (Fig 4) in our senes 
of hemmephrectomized patients 

In cases where the uretei is completely duplicated, one should remember 
Weigert’s law, namely, that the laterally placed ureteral oiifice leads to the 
lowei pole The ureter to the upper half, m its uppermost course, may be 
close to the dilated pelvis of the lower diseased half It may be displaced out 
of its noimal position, or firmly adherent to the pathologic lower half One 
must guard against injury to a uieter so located Below, the ureters may be 
enclosed m the same sheath If a diagnosis of duplication has not been made 
preopei atively, division of the normal uieter, as well as the one going to the 
diseased portion of the kidney, might result during the opeiation, involving 
the exposure of the lowei half of the ureter 

The blood supply to the double kidney determines, in many instances, the 
feasibility of opeiative sepaiation of the two halves In most instances, two 
distinct sets of vessels supply the lespective poles, in other cases the vessels 
to one pole may arise as blanches from the vessels supplying the other pole 
The ideal situation, from an operative standpoint, lies 111 the hist anatomic 
disposition The other anatomic anangement contraindicates hemmephrec- 
tomy 

Diagnosis of Double Kidney — With the advent of cystoscopy and pyelog- 
raphy by the retrograde and excretoiy methods, the diagnosis of the double 
kidney is made a relatively simple matter The intravenous administration 
of a dye, such as indigo carmine, is of great aid in recognizing accessoiy ure- 
teral openings, if their recognition should prove othenvise difficult Uietero- 
pyelogi aphy by either method will be of help m those cases in which the ure- 
tei s join before they reach the bladder Suspicion of a double kidney should 
always be aroused when a small, incomplete pelvis, with minimal number of 
calices in the upper 01 lower portion of a kidney, is noted What appears to 
be a ptosed kidney, without ureteral kinking on the same side, might be in- 
dicative of a lowei pole of a double organ Likewise, a pelvis, occasionally 
mdimentary and placed abnormally high undei the ribs, might be indicative 
of the upper pole of a double kidney The presence of an ectopic ureteral 
opening assuies the investigator that he is probably dealing with a double 
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kidney and that the ectopic uretei leads to the tipper pole Patients suffeung 
fiom such an anomaly aie usually incontinent and can be cuied of their in- 
continence by hemmephi ectomy, if the othei half of the kidney is normal 
Hemmephi ectomy — Theie has been a tendency m renal surgery towaid 
conservation of as much kidney paienchyma as possible “Partial nephrec- 
tomy” or “paitial resection” of the single kidney foi localized hydio- 01 pyo- 
calix, with suture of the lemaming cut renal paienchyma, is an example of 
such an attempt at conservatism The ideal situation for such procedure 
presents itself, of course, m the double kidney, in which a separate blood 
supply and pelvis exist for each of the two poles, as well as a partially or 
completely duplicated uietei We shall employ the teirn “hennnephrectomy, ' 
lestnctmg its use to describe the operation m which a poition of the double 
kidney containing a separate pelvis is removed, aftei ligation of its separate 
blood supply and seveiance of its lespective uietei Tbe teims “paitial neph- 
rectomy” 01 “paitial resection” of the kidney should be reserved for proce- 
duies on the undupheated oigan We exclude in this series those cases in 
which one-half of a hoiseshoe kidney has been lesected 

Ionel 0 collected, m the hteiatuie up to 1935, 52 cases in which hemi- 
nephrectomy was peifoimed To these he added foui of his own, in which 
the disease was pyelonephritis located in the uppei pole We have been able 
to collect 30 additional, cases in the literature 10, 11 12 13 14 10, 1<3, 17 ’ 18 19 20 
21 22,32 U p to 1938, bringing the total up to 86 cases repotted To these we 
wish to add 14 of our own cases fiom the lecords of Mount Sinai Hospital, 
making a total of 100 cases in the literatui e at the piesent tune 

An analysis of these 100 cases shows that m 51 instances the disease foi 
which the operation was perfoimed was in the upper pole, 37 in the lower 
pole, and in 12 no mention was made as to the site of the lesion In the 51 
uppei pole cases aie included a fan numbei of instances m which an ectopic 
uretei opening was found Almost invaiiably, this meter leads to the upper 
pole 


Table V 

TOTAL COLLECTED CASES OT HEMINEPHRECTOM1 


Period 

Total 

Upper Pole 

Lower Pole 

No Information 

Cases up to 1935 

56 

26 

25 

5 

Cases 1935-1938 

30 

21 

2 

7 

Present series 

H 

4 

10 

0 

Total 

100 

5i 

37 

12 

Indications 

and Conti amdications 

foi Hemmephi ectomy — 

-It can be stated 


that hennnephrectomy may be peifoimed upon double kidneys m which one 
segment is involved in a hydio- 01 pyonephi otic, calculous 01 infectious proc- 
ess, pioviding one of the following conditions 01 situations is not piesent 
(1) Tubeiculosis Heie the tubeiculous piocess very fiequently involves 
the paienchyma of the othei pole However, Legueu 23 and Heymann - 4 have 
each reported one case m which hennnephrectomy was pei formed upon a 
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double, sohtaiy kidney with good lesults We might modify the indication m 
these cases by stating that w here the kidney is sohtaiy and theie is no in- 
volvement of the othei half, the piocedure is justified 

(2) Malignant tumois aie conti amdications to this pioceduie In the 
senes, we lef erred elsewhere to a case m which theie was a tumoi m the 
lowei pole 

(3) Nonfunction of the remaining poition of the kidney 

(4) Single blood supply to both poles 

(5) Technical difficulty in sepaiating the two halves of the kidney 

(6) Advanced disease of both halves (mild infection m one-half is not a 
conti amdication) and especially hematogenous infection 

(7) Communication between the two pelves 

Opeiatwe Technic — The vauous points m the technic of hemmephi ectomy, 
as practiced on oui seivice, may be summanzed as follows 

(1) Exposuie of the kidney thiough a lorn incision Occasionally, wheie 
the uppei pole is the one to be lemoved, and the kidney is situated at a high 
level, lesection of the twelfth 11b may be necessary The extent of mobiliza- 
tion of the kidney should be minimal, because of the danger of lupttne of 
abenant vessels necessaiy foi the nounshment of the remaining pait of the 
kidney 

(2) Exposuie of the uieteis and tiacing of their couise to the lespective 
poles 

(3) Exposuie of the blood supply to both halves and notation of its dis- 
tnbution The opeiation will depend a gieat deal for its success upon wbethei 
or not the blood supply to the lemaming half of the kidney is adequate 

(4) Location of a line of sepaiation of the two halves 

(5) Ligation of the lespective uietei It is to be lemembeied that the 
two uieteis veiy often lie m the same sheath Sepaiation of the two meters, 
without mjuiy to the one going to the lemaming half, is essential If the 
uietei is normal, the point of ligation should be as low as possible In those 
cases, howevei, m which the meter is maikedly diseased and dilated, complete 
uietei ectomy is preferable The lowei most poition of the uietei may be 
isolated and divided close to the bladdei by continuing the original lumbar 
incision, or by making a sepaiate incision in the lower quadrant of the abdo- 
men, identifying the uietei by pulling gently on the fieed meter above 
Where the meter is ligated at the bladdei, it is essential to pi event “blowout” 
of the tied stump postoperatively, by keeping the bladdei iclatively empty 
for a numbei of days by employing an indwelling cathetei 01 by catheteuza- 
tion at regulai mteivals Division of the uietei is accomplished by the 
caibohzed knife In those cases m which there has been a sepaiate incision 
foi juxtavesical division of the uietei, it is best to pi event contamination by 
coveimg the pioximal stump with a fingei cot before pulling the ureter along 
the ti act leading to the lumbar incision In the case of the “Y” uieter, the 
ligation should be made a shoil distance above the junction of the two ureteis 
The 1 eason is obvious 
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(6) Ligation of the blood supply to the portion of the kidney to be le- 
moved may cause a blanching of the parenchyma, which will aid in locating 
the zone of demarcation between the upper and lower poles Delineation 
of a sepai ation zone is aided in many cases by insetting a finger into the dis- 
eased pelvis and using this as a guide in dividing the upper from the lower 
pole 

(7) Aftei removal of the diseased portion, mattress sutures, undei pinned 
with fat, muscle or fascia, according to the Beei technic, 23 may be employed 
to secure hemostasis and at the same time to suture the cut ends of the 
1 emainmg tissue 

(8) Rubbei dam chain and closuie of the wound 

Vauations 111 Technic — Von Lichtenbei g 2G encapsulates the diseased por- 
tion aftei ligating the vessels He notes the blanching in the poi tion deprived 
of its blood supply befoie making the sepai atmg incision This obviates com- 
piession of the vessels to the healthy portion, as practiced by some The 
decapsulated flaps aie inseited into the wedge shaped cavity at the point of 
lesection Lennandei, 27 Wright 28 and otheis perform nephropexy of the 
1 emainmg half (usually lower pole) Lowsley 29 employs ribbon-gut for 
approximation of the cut edges of lenal parenchyma Millei 30 and Hicks 18 
both ligated the uietei to the diseased portion of the kidney m an attempt to 
cause atrophy, since, in the two cases repoited, heminephrectomy was not 
feasible In Miller’s case the uppei pole of the light kidney was diseased, 
and at opei ation only one lenal vasculai pedicle was present He resected 
5 cm of the uppei uieter and ligated the stump The patient made an un- 
eventful lecoveiy In Hicks’ case, theie was a hydronephrosis in the upper 
half The patient’s chief symptom was pain The uretei to the upper half 
was ligated, in the hope that atrophy would occur, but there was no relief 
fiom the pain At a second opei ation, an heminephrectomy was performed 


CASE REPORTS 

Case i — L A, female, age 29 Diagnosis (1) Complete duplication right kidney 
and ureter (2) Pyonephrosis lower half Opei ation Right heminephrectomy and 
ureterectomy Result Well 

The patient gave a history, extending back six years, of pain in the right kidney 
area, associated with frequency, pyuria, hematuria and dysuna Cystoscopic and pyelo- 
graphic studies revealed a single, normal kidney on the left side, a completely duplicated 
kidney and ureter on the left side, and a pyonephrosis of the lower half of the double 
kidney The upper pole of the double kidney was normal (Fig 3 A and B) 

0 pci ation — July 19, 1932 Heminephrectomy, lower half, and complete ureterectomy 
(E Beer) The right kidney was exposed The upper half was distinctly divided from 
the lower half and appeared grossly normal, and a normal ureter appeared from this 
pole The lower half of the kidney was hydronephrotic and the ureter was dilated Both 
ureters were followed down for a considerable distance and freed They were both con- 
tained in the same sheath The lowermost ends of the ureters were exposed through a 
separate incision in the right lower quadrant of the abdomen The dilated lower ureter 
was ligated and se\ered about 1^2 cm from its entrance into the bladder The proxima 
ureteral stump was covered with a finger cot and then drawn through the track and out 
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through the lumbar incision The two halves of the kidney were then separated and 
the lower pole with its ureter removed 

Following operation there was some urinary leakage from the lumbar incision 
Leakage also occurred from the anterior wound Tins ceased after introducing an 
indwelling ureteral catheter , the patient was discharged with both wounds firmly healed 

Follozv-Up — December 28, 1935 (three years later) There was good function of 
the remaining upper pole of the right kidney, as evidenced by excretory urography 

(Fig 3 C) 

Case 2 — A T, male, age 40 Diagnosis (1) Double right kidney with partial 
duplication right ureter (2) Dendritic calculus lower pole ( 3 ) Right hydronephrosis 
(both halves) Opeiation (1) Right pyelolithotomy and nephrostomy (lower pole) 
(2) Right hemmephrectomy (lower pole) Result Well 

This patient entered the hospital August 29, 1933, complaining of right loin pain, 
frequency and pyuria of eight months’ duration There had been no chills or fever His 
past history disclosed two cystolithotonnes performed 21 and 15 years previously, and an 
incision and drainage operation for a left perinephritic abscess 13 years previously 
Examination disclosed a pale individual The right kidney was palpable and tender 

The urine contained numerous white blood cells Blood urea was 75 0 mg per 100 cc , 
hemoglobin 55 per cent Roentgenologic examination showed a dendritic calculus on 
the right side and a hvdronephrotic, very much deformed pelvis on the left Roentgeno- 
grams taken with the catheter 111 situ on the right side disclosed the tip of the catheter 
to be in contact with the calculus at the 25 cm level There was no flow of urine from 
this side On the left side the excretion and function were poor The azotemia was 
treated vigorously Apparenth the patient had a very much damaged kidney on the left 
side and a blockade on the right It was felt his only chance lay m removing the cal- 
culus on the right side Accordingly, despite the poor condition of the patient, the den 
dritic calculus was removed piecemeal through pyelotomy and nephrotomy incisions 
Control roentgenograms taken on the operating table revealed no further calculi A 
drainage tube was placed in the pelvis through a nephrostomy opening 

Postoperatively, the blood urea rose to 168 o mg , and after intensive treatment the 
azotemia gradually cleared up The patient drained moderately large amounts of urine 
through the nephrostomy tube Blue was injected into this tube to determine the patency 
of the ureter, but none appeared in the bladder urine This indicated some obstruction, 
and with this in mind, cystoscopy was performed The right and left ureters were cathe- 
terized to the pelvis, good indigo carmine excretion was obtained from the right side 
(catheter apparently in the upper pole) Concentrated blue solution injected through 
this catheter did not appear through the nephostomy tube Blue coloration from the 
left side was definitely weaker than that obtained fiom the right, contradicting previous 
functional tests A suspicion of a right double pelvis was entertained This was con- 
firmed when pj elograms were made singly and simultaneously and at different tunes, 
by injecting radiopaque solution through the right ureteral catheter and through the 
nephrostomy tube About this time, the patient suddenly passed a small, almond sized 
stone It was felt that this may have represented a portion of the original calculus which 
had broken off and had obstructed the flow from the nephrostomized lower pole Indigo 
carmine solution was instilled through the nephrostomy tube, but did not appear in the 
bladder The nephrostomy tube was inadvertently removed, and it was necessary to 
reoperate upon the patient and to renephrostomize the kidnev At this operation, it was 
impossible to thoroughly explore the entire region, and to demonstrate a double ureter 
Heminephectomy was considered at this operation, but it was felt the patient probablj 
could not undergo such a formidable procedure and that we would have to be satis ec 
with a permanent nephrostomy His blood urea remained at about 350 mg Apparen } 
the strongest functional element in his excretorj system was the upper pole of t le 
right kidney 

Folloiv-U p — He was discharged with the nephrostomy tube in place Three months 
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later he returned to the hospital because of some trouble he w as having m caring for the 
nephrostomy tube and its drainage Studies showed practically no function from the 
lower half of Ins right kidney In view of his better general condition and practically 
normal blood urea, it was decided to perform a heminephrectomy of the lower half of 
the right kidney 

Opciatton — March 27, 1934 Heminephrectomy (A Hyman) The right kidney 
was found dense]} adherent as a result of the two previous operations The kidney was, 
however, eventually mobilized It was impossible to expose the ureter Somewhat more 
than the lower half of the kidney was resected and hemostasis effected by chromic sutures 
underpinned with fat The patient was discharged 26 days after operation 

Follow-Up — After discharge the patient developed urinary leakage from the wound, 
which has persisted, despite all local measures It v r as felt the leak was caused by 
retained cortical renal tissue Cystoscopy soon after discharge from the hospital (August, 
1934) showed good indigo carmine excretion from the right kidney An excretory uro- 
gram, taken in August, 1936, showed insufficient visualization for diagnostic purposes on 
both sides 

Case 3 — D A, female, age 40 Diagnosis (1) Double right kidney and partial 
duplication of right uieter (2) Pyonephrosis and hvdro-uretei, lower half 0 pci at ion 
Heminephrectomy, lower half of right kidney Result Well 

Ten years previous]} , this patient had had colicky pains in the right lumbar region 
Nine years ago, a right ureterolithotomy was performed Seven years later, there was 
a recurrence of right-sided pain, pyuria and frequency of urination On cystoscopy a 
single right ureter orifice was seen, and there was a temporary obstruction to the passage 
of a ureteral catheter at 9 cm , where a retention of 80 cc of pus was found At the 
29 cm level there was a retention of 20 cc of pus Retrograde pyelography revealed a 
duplicated right kidney with a normal, small upper pelvis and markedly dilated lower 
pole 

Opciatton — Heminephrectomy (right lower half) and partial ureterectomy (L Edel- 
tnan) The lower pole was cystic, the pelvis was dilated and the ureter was one inch 
in thickness The upper pole ureter appeared normal There were two distinct sets of 
vessels going to both halves of the kidney The dilated ureter was fixed in the bony 
pelvis to a c}sttc structure, which was probably an intraligamentous cyst The ureter 
was ligated one inch from the bladder, where its diameter measured one-quarter of an 
inch The actual site of the bifurcation could not be determined, because of the intimate 
relationship with the cyst The lower portion of the kidney was then resected The 
bleeding was readily controlled b} a few mattress sutures of chromic gut 

Recoveiy was uneventful It has been impossible to obtain a follow-up on this 
patient 

Case 4- L G, male, age 44 Diagnosis (x) Horseshoe kidney (2) Complete 
duplication of left half of horseshoe kidney (3) Hydronephrosis upper half left kidney 
(4) Pyonephrosis lower half left kidney O pci at ion Heminephrectomy, lower half left 
side of horseshoe kidney Result Well 

The patient v\as admitted with a three weeks’ history of left renal colic, associated 
with chills, fever, hematuria and pv uria On examination, a large, smooth, tender mass 
was felt on the left side of the abdomen, extending from the free border of the ribs to 
the crest of the ilium At c}Stoscopy the right ureter orifice was found to be normal 
O11 the left side two ureteral orifices were present All three ureters were catheterized 
without obstruction There was thick, purulent urine coming from the left lower kidney, 
the function of which was very poor 

Opciatton September xo, 1912 Heminephrectomy lower half left side of a horse- 
shoe kidne} (L Buerger) A large, multilocular, pyonephrotic sac, adherent to the 
peritoneum and involving the whole lower half of the left kidne}, was found The upper 
half of the left kidne} represented the left half of a horseshoe kidne} (Fig 4) The sac 
contained two quarts of purulent material The upper pole presented a hv dronephrotic 
pelvis with good renal parench}ma There were two ureters The pyonephrotic half 
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of the left kidney was excised At first the upper ureter was ligated and cut, with the 
intention of removing the entire left kidney, but due to the excellent condition of the 
parenchyma in the upper pole, it was decided to attempt to conserve this pole Accord- 
ingly the cut upper ureter ends were anastomosed over a No 6 Fi ureteral catheter 
The patient had some urinary leakage through the lumbar sinus 

Follow-Up — At cystoscopy, performed 
one month later, only a few drops of urine 
were obtained from the upper pole There 
was also a trace of indigo carmine from 
the lumbar wound after 40 minutes 

The patient was still alive, about 17 
years later, although no functional studies 
of the remaining upper pole have been 
made 

Case 5 — N R , male, age 44 Diag- 
nosis (1) Double kidney (left) with par- 
tial duplication of the ureter (2) Calculus, 
hj dronephrosis left upper pelvis Opeia- 
tion Heminephrectomy, upper pole left 
kidney Result Well 

In 1906, patient had a cystohthotomy 
performed For five years previous to 
admission to the hospital, he complained 
of bilateral sacral pain with recent radia- 
tion along the left thigh There were no 
urinary symptoms Cystoscopic and pyelo- 
graphic studies revealed a double left 
kidney and partial duplication of the 
ureter, with calculous hydronephrosis of 
the upper pelvis (Fig 5A and B) 

Operation — August 18, 1931 Hemi- 
nephrectomy for calculous hydronephrosis, left upper pole (E Beer) The kidney was 
found to be about one-third larger than normal and surrounded by adherent fat Two 
ureters were exposed and found to unite three inches below the lower pole of the kidney 
The lower ureter was normal, the upper ureter contained a stone at the level of the 
lower pelvis It was thickened, as was the pelvis The vessels were exposed, and it was 
noted that the branches to the upper thud of the kidney apparently came off the mam 
vessels These upper branches were ligated The parenchyma of the upper pole was 
reduced to about one third the normal amount and the pelvis was hydronephrotic After 
ligating the vessel branches, the upper third of the kidney was cut across about 1 cm 
above the groove which separated the healthy part from the hydronephrotic third Bleed- 
ing was controlled with hemostatic sutures and the beveled edges of the kidney incision 
were brought together with chromic sutures, underpinned with fat The upper ureter 
was tied 1 cm above the bifurcation and removed in one piece, with the hydronephrotic 
pole Except for a mild wound infection, the patient made a good recovery 

Follow-Up — An excretory urogram, May 21, 1938, seven years after operation, 
showed good function of the remaining lower half of the left kidney (Fig 50 

C ase g — L F, female, age 42 Diagnosis (1) Complete duplication left kidnev 
and ureter (2) Nephrolithiasis, lower half Opaation Left heminephrectomy, lower 
half Result Died 

This patient had had recurrent attacks, over a period of eight years, of right lum ar 
pam associated with frequency, urgency and pyuria She thought she had passed a sma ^ 
stone six months previously Three months later she began to complain of left um- 
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bar pam and hematuria Roentgenologic examination demonstrated a large concretion 
about X cm in size in the region of the lower pole of the left kidney Cystoscopic and 
pj clograplnc studies showed a completely duplicated left kidney and ureter with a cal- 
culus m the lower pelvis 

Opcialion — August 26, 1926 Heminephrectomy, left lower half for calculosis (P W 
Aschner) The kidney was partially divided into uppei and lower half A large stone 
and considerable sandy deposit were found in the lower half of the kidney There were 
two sets of vessels, each going to the lespective poles of the kidney The lower half 
of the kidney was opened through a nephrotomy incision The stones and sand material 
were removed, and the pelvis irrigated In view of the presence of considerable sand 
material and the unlikelihood of successfully lemoving all of it, an heminephrectomy was 



(A) (B) 

Fig 6 — Cise 7 (M W) (A) Complete duplication left kidne> and ureter Pjelogram showing 
pyonephrosis of lower half The second ureter not catheterized because of good function after injection 
of indigo carmine (B) Excretory urogram six jears postoperatn elj , showing good excretion from 
lemaming upper segment, pelvis of which is small and leads into a normal appearing ureter 

performed, during which procedure an aberrant vessel to the upper pole was injured 
and bled profusely The hemorrhage was finally controlled by a hemostat, which was 
left in place, and the lower part of the kidney was resected The patient lost a consider- 
able amount of blood , she was returned to bed in shock, from which she died three hours 
later, despite all measures to combat this condition 

Case 7 — M W , male, age 26 Diagnosis (1) Complete duplication left kidney and 

ureter (2) Pyonephrosis lower half (aberrant vessel) Opciation (1) Left nephros- 
tomy, lower half (2) Secondary heminephiectomy, left lower half Result Well 

For three weeks, the patient had complained of left lumbar pain and dvsuria The 
urine, which was said to have been clear at first, later became turbid, and a temperature 
of 103 8° F developed On physical examination there was found a ballotable, tender 
mass in the left lumbar region There was definite costovei tebral tenderness on this 
side, and roentgenologic examination revealed a curvature of the spine, with the convex 
lty toward the right The urine was loaded with pus Excretory pyelograph} s ^°" e 
a normal kidney on the right side The left pelvis and calices were deformed an tie 
left ureter appeared compressed in its upper half At cystoscopy two ureter ori ces 
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were found on the left side The lateral one (loner pole) was shghth edematous 
Milk} fluid was seen discharging from this orifice The lateral ureter was cathetcrized 
for 20 cm, where an impassable obstruction was encountered There was no flow at 
this le\el The mesial ureter orifice (upper pole) appeared normal, good mdigo carmine 
efflux w r as seen, and it was not cathetcrized A diagnosis of pionephrosis of the lowei 

half of a double kidney was made (Fig 6 A) 

Opci at ion — December 12, 1931 Nephrostomy of a pyoncphrotic lower halt of a left 
double kidney (E Beer) There was extensive perinephritis surrounding the lower pole 
The lower pole, comprising about two-thirds of the kidney, was composed of three 
cahces and had been converted into a sac The ureter to the low'er half w’as the size 
of a pencil No calculus was present The ureter could not be probed from above 



(A) (B) 

Tic 7 — Oise S (S S ) (A) Retrograde jneJognm showing complete duplication with rudi 
inentarj upper pehis and calculous pionephrosis of lower pole right hidnej (B) Excretorj uro 
gram, six rears postoperatneh, showing good function of remaining upper pole, right hidnej 

There were about eight ounces of pus m the pjonephrotic sac The exact cause of 
obstruction to the ureteral catheter at cystoscopy could not be determined 

Postoperattvel} there was very little discharge thiough the nephrostomy wound 
Blue stained fluid instilled into the lowei pelvis through the nephrostomy tube did not 
appear 111 the voided urine, indicating some form of blockade Catheterization of this 
ureter and instillation of blue stained fluid did not show' any flow' out of the nephrostorm 
tube, but after digitally opening into the low'er pole, there w'as copious flow of blue fluid 
Iodide was instilled into the lower pole and a large dilated pehis was outlined No 
iodide passed down into the ureter There was a defect at the ureteropelvic junction, 
suggesting an aberrant vessel Excreton urograph} show ed no excretion from this pole 
Second Operation — Januan 2, 1932 Subcapsular heminephrcctomj for pjonephrotic 
sac of lower pole (E Beer) On delnermg the sac, two groups of vessels were exposed 
going to the lower pole, and a branch apparent!} crossing the ureteropeh sc junction and 
occluding same was found The sac was the size of a peach, and the amount of renal 
paienclnma reduced The ureter was small The patient was discharged from the 
hospital well 
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Follow-Up — In January, 1938, six years after operation, excretory urography showed 
good function of the remaining upper pole (Fig 6B) 

Case 8— S S, male, age 47 Diagnosis (1) Complete duplication right kidney 
and ureter (2) Renal calculus and pyonephrosis lower half Opciation Hemmephrec- 
tomy, lower half right kidney Result Well 

Fifteen years previously this patient had had a suprapubic cystohthotomy performed 
Eight years later, he developed a right renal colic and since then has had repeated attacks 
During the year before his present admission, the pain has been persistent He noted 
hematuria on one occasion Cystoscopic and pyelographic studies showed a single normal 
kidney on the left side The right kidney and ureter were completely duplicated The 
lower half was filled with stones and was moderately dilated The upper half was also 
dilated (Fig 7A) 

Opet at ion — February 5, 1932 Heminephrectomy, lower pole right kidney for cal- 
culous pyonephrosis (E Beer) There were considerable perinephric and peri-ureteral 
adhesions The lower ureter was moderately thickened A large artery crossed pos- 
teriorly to the lower ureteropelvic junction, toward the lower pole After evacuating 
many stones and much sand from the lower pelvis and calices, only a shell of kidney 
parenchyma was found in the lower pole The upper half of the kidney had good 
parenchyma and the upper pelvis was found to be small The lower ureter was isolated 
and ligated After sectioning it, and the aberrant vessel at the ureteropelvic junction, the 
lower pole was resected Three mattress sutures were used to control the slight ooze 
and to close the lower resected edge Except for a wound infection, the patient made 
an uneventful recovery and was discharged well 

Follow-Up — In April, 1938, six years later, excretory urography showed good func- 
tion of the remaining upper pole (Fig 7B) 

Case g — M O , male, age 23 Diagnosis (1) Bilateral complete duplication of kid 
neys and ureters (2) Hydronephrosis right upper pelvis (3) Atrophy right kidney 
(4) Left hydronephrosis and hydro-ureter, lower pole Opciation (1) Right complete 
ureteronephrectomy (2) Heminephrectomy, lower pole left kidney Result Well 
The patient was first seen in 1922, with a history' that for a period of two years 
he had been complaining of bilateral lumbar pam, frequency', urgency, and burning on 
urination A complete nephrectomy of a double right kidney and ureter was performed 
at that time The entire kidney was found atrophic The upper pelvis was dilated, due 
to a valve-like obstruction in the upper ureter In view of the atrophy of the entire 
organ, complete nephrectomy and ureterectomy was performed, June 22, J9 22 > ^ 
Dr A Hyman 

The patient was again admitted to the hospital, in 1927, complaining of persistent 
pyuria since his previous discharge from the hospital There was also dull, left lumbar 
pain Cystoscopy showed four ureter orifices The left lateral ureter (lower pole) was 
edematous and obstructed at 1 cm The left mesial orifice (upper pole) was catheterized 
to the pelvis A retrograde pyelogram of the upper pole showed a triangular shaped area 
of upper pelvis with two or three calices No pyelogram could be obtained of the 


lower pole 

Opciation — October 14, 1927 Heminephrectomy and partial ureterectomy, lower ha 
left kidney (A Hyman) The upper half of the kidney appeared normal The lover 
half was a hydronephrotic sac There was a definite line of fusion across the middle 
of the kidney The upper ureter was normal The lower ureter was thickened an 
dilated to the size of a thumb The lower pelvis was opened and a finger introduce 
into the calices, to demarcate the limits of the lower half Because of bleeding, some 
mucosa was left behind Mattress sutures, underpinned, were employed to control t e 


bleeding j 

Subsequent Coin sc — Postoperatively, the patient developed uremia and psychosis 
an infected wound, from which he gradually recovered after intensive treatment He ias 
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remained well since then for the past n years, with normal blood urea At present he 
is hung on appioinnatcly onc-snth of the nonnal amount of kidney pai cnchyma 

Case 10— J G, female, age 14 Diagnosis (1) Bilateral, complete kidney and 
ureteral duplication (2) Pyonephrosis of lower half left kidney 0 pa at ion Hemi- 
nephrcctomy , lower half left kidney Result Well 

The patient had complained of attacks of “pyelitis,” associated with pyuria and fever 
since birth After a number of years of investigation by numerous urologists, her case 
was finally diagnosed as one of complete bilateral kidney and ureter duplication, with 
the focus of her pyuria located in a pyonephrotic lower half of the left kidney 

Opciation — September 29, 1937 Heminephrectomy of the pyonephrotic lower half 
of the left kidney (E Beer) Lower half of left kidney found to be markedly adherent 



Tig 8 Tig 9 

Tig 8 — Case io (J G) Excretorj urogram showing good function in the remaining upper seg 
ment of left kidncj seven months after heminephrectomj of lower half of left kidney for pyonephrosis 
Fig 9 — Case 11 (R W) Excretorv urogram showing good function from remaining upper seg 
ment left hidne> one and one half years after removal of left lower pole for pjonephrosis 

The ureter to the lower half was dilated and thickened Several aberrant vessels were 
found, and these apparently contributed to the causation of the pyonephrosis The renal 
cortex in the involved pole had practically disappeared, so that this portion of the 
kidney was converted into a sac The upper pole contained good renal parenchyma 
Because of the extreme thinness of the pyonephrotic sac, it was inadvertently opened 
during the separation of it from the upper pole The contents of the sac were evacuated 
and the sac wall removed by sharp dissection and curettement The ureter was divided 
low 

Subsequent Com sc — Postoperativ e!y r , the wound became grossly' infected It was 
widely opened and allowed to heal by secondary intention No hernia of the wound has 
occurred thus far Excretory pyelography, eight months later, showed good function 
m the remaining upper pole (Fig 8) 

Case 11 — R W, female, age 8 Diagnosis (1) Complete duplication of left kidney 
and ureter (2) Pyonephrosis of lower half left kidney Operation Left uretero- 
hemmephrectomy , lower half Result Well 

For two weeks prior to admission to the hospital, the child complained of left loin 
pain and dysuna associated with cloudy urine and temperature, reaching as high as 
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105 0 F On physical examination, the outstanding physical sign was left costovertebral 
angle tenderness At cystoscopy, two left ureteral orifices were found, and a diagnosis 
of pyonephrosis of the lower half of the left kidney was established 

Opciation — -July 3, 1936 Left, complete m cterohemmcphrectom} of the lower half 
(E Beer) Ihe operation was carried out through a left loin and an anterior abdominal 
incision By employing the two incisions it was possible to accomplish a complete 
ureterectomy of the ureter going to the lower half of the left kidney The uppermost 
calix from the lower pole ran up into the upper pole for almost an inch This was 
dissected out without entering the upper pole pelvis The upper three-eighths of the 
kidney was normal, with apparently a normal ureter The lower five-eighths of the 
kidney had a thin, mush} cortex There were two sets of vessels The ureter to the 
lower pole was dilated to within an inch of the bladder Lower down, the two ureters 
were found to be contained in the same sheath and were difficult to separate It was 
believed that some injury was done to the normal ureter during the separation, as, fol- 
lowing the operation, there was leakage from both wounds for a time The lumbar 
wound ceased discharging in six days A catheter was passed to the upper pole of the 
kidney Instillation of colored luppuran into this pelvis refluxed through the ureterotomj 
wound The catheter was left indwelling for a short time and then removed The 
leakage ceased and the patient was discharged from the hospital well 

Follozv-Up — Four months later, an excretory urogram was made, which showed a 
well functioning residual upper pelvis (Fig 9) Sixteen months later, at cystoscopv, 
good mdigo carmine and clear urine were obtained from the remaining renal segment 
Case 12 — A G, male, age 40 Diagnosis (1) Complete duplication of left kidney 
and ureter (2) Infected hydronephrosis, lower half left kidney (3) Hydronephrotic, 
contracted upper left kidney Opciation Henunephrectomy , left upper pole Result 
Well 

For 12 vears previous to adm ssion, this patient had had attacks of left loin pain, 
associated with pyuria At cystoscopv, a large intruding prostate was found, which 
made catheterization of the ureters difficult The right ureteral onfice was normal, 
and there was good kidney function on this side On the left side, two ureteral orifices 
were found One of these was catheterized and an obstruction was met at the 9 cm level 
This was readily" overcome and the catheter passed up into the kidney Twentv-five cubic 
centimeters of turbid urine, containing a fair amount of indigo carmine, were obtained 
A pyelogram made thiough this catheter showed dilatation of the calices in the lower 
pole of a double kidney 

Opciation — January 15, 1935 Henunephrectomy, left upper pole (E Beer) The 
upper pole of the left kidney was found to be collapsed and led into a separate thickened 
ureter The lower two-tlurds of the kidney" parenchyma felt normal The upper pole 
was resected The cut parenchymia was sewn over with underpinned chromic sutures 
The exact nature of the obstruction of this portion of kidney could not be established 
It may have been caused by some abnormal vessel, which had not been identified during 
the operation The patient was discharged from the hospital fully recovered 

Follozv-Up — Thirty-two months later the patient was still well and had no com- 
plaints It has not been possible to get the patient to return recently for check-up on 
the function of the remaining lower pole 

Case 13 — C W, female, age 15 Diagnosis Complete duplication of left kidney 
and ureter with ectopic ureter opening just below urethral meatus Opciation Henu- 
nephrectomy, upper pole left kidney, partial ureterectomy Result Well 

The patient gave a history of constant dribbling of urine since childhood No 
other urinary symptoms, except frequency The rest of the past history was irrelevant 
Abdominal examination was negative Just below the urethral meatus 111 the midhne was 
found a small, teat-like prominence with a tiny opening in it A small ureteral catheter 
could be passed into this orifice for only 2 cm The urine which dripped from tic 
opening was clear The vagina and vulva were reddened Rectal examination was 
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negative Roentgenologic examination shoved no spina bifida At cy stoscopy , the 
bladder and both ureteral orifices were found to be normal Both ureters were cathe- 
terized without obstruction Clear urine was obtained from both kidneys The bladder 
was filled with blue stained solution and a cotton pad placed in the vagina, which became 
wet, but was not stained blue This finding ruled out the possibility of a \esico\agmal 
fistula The opening below' the urethral meatus was then injected with 20 cc of sodium 
iodide This was found on roentgenologic examination to Inn e filled the upper pole of 
a double left kidney The lov'er pole was filled by means of a catheter m the left ureteial 
opening in the bladder (Figs 10A and B) 

Opciatwn — September 14, 1928 Left hcmmephrectomy, upper pole (A Hyman) 
The left kidney v'as exposed and found to be about normal m size There U'as a double 
pelvis, the upper one being markedly' by droneplirotic The upper pole of the kidney' was 



(A) (B) 

Tig 10 — Case 13 (C W) (A) Retrograde ureteropj clogram showing an ectopic ureter on the 
lut side opening just below urethral meatus Double p) clogram showing normal lower pole with 
ectopic ureter running toward upper pole (B) Retrograde ureterogram, filling onlj the ectopic ureter, 
showing marked dilatation (ref A) 

resected, as well as the ureter entering the upper pelvis, doum to within tlnee inches 
of the bladder The postoperative course was uneventful 

I ollozv-Up — When seen two months later, the patient had no further dribbling 
Cystoscopv mealed strong indigo carmine efflux from both ureteral orifices Eight 
months later, the patient had no symptoms 

Case 14 S S, female, age 32 Diagnosis (1) Right double kidney with ectopic 
ureter (2) Pyonephrosis, left upper pole Of’Ctahoii Heimnephrectomy, left upper 
pole A’< sul! Well 

flic patient was admitted to the Gvnccologic Service two months previously, because 
of urman incontinence and frequency which had followed childbirth eight years previ- 
oush She had had marked frequence of urination during cold weather since childhood 
Anterior and posterior colporrhaphy and parametrial fixation were performed On the 
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fifth postoperative day her temperature rose to 103 6° F On the eighth day, she began 
to complain of right loin pain The urine contained a great deal of pus A tender mass 
was palpable in the region of the right kidney This mass rapidly increased in size 
Excretory urography revealed a normal, low lying pelvis of the right kidney (Fig 11A) 
with a large mass to the right of the spine, obscuring the psoas margin A diagnosis of 
a retroperitoneal abscess was made 

Fust Operation — November 12, 1937 Incision and drainage (Dr A Hyman) A 
large encapsulated mass was found It was opened, and a great deal of thick pus was 
evacuated The nature of the mass could not be determined by inspection alone, and a 
section of the membrane wall was taken for microscopic examination The pathologic 
report was “fragment of atrophic kidney tissue with pelvic mucosa, probably a portion 
of an hydronephrotic sac ” 

Postopci atwc Cow sc — Following this procedure the patient’s temperature dropped 
to normal and remained so The discharge from the wound became minimal, and there 
remained only a small fistulous tract, which was kept open for further investigation 
Indigo carmine, administered intravenously, was not discharged through the fistulous 
opening Blue stained lnppuran was instilled through the tract, causing the patient to 
have a desire to urinate after two ounces had been instilled She was then catheterized 
and an ounce of unstained, clear urine was obtained Obviously, therefore, there was no 
connection between the cavity above and the bladder Cystoscopy was performed A 
single right ureter was catheterized for a few inches with a Garceau catheter (Fig 11B) 
With lnppuran instilled into the fistulous tract at the same time as the Garceau catheter 
was injected, a simultaneous roentgenogram was obtained (Fig 11C) which showed 
that we were dealing with a double kidney and double ureter, and that the drainage 
operation previously performed had drained a pyonephrosis of the upper pole Both 
pelves were dilated The ureters were tortuous and swung to the right in their mid- 
portions The ultimate termination of the ureter going to the upper pole could not be 
identified (only a single right and left ureteral orifice were seen at cystoscopy) The 
patient was discharged with the fistulous opening She returned one month later, having 
gained ten pounds during the interim, and with the history that she was having attacks 
of right loin pain Cystoscopic check-up again revealed only a single right and left 
ureteral opening Pyelograpluc studies corroborated the findings obtained previously In- 
spection of the external genitalia and gemto-urinary tract did not reveal an ectopic 
ureteral opening after instillation of blue-stained solution into the upper pole of the 
kidney through the fistulous tract However, pressure over the right vaginal wall 
caused a reflux spurting of the blue solution through the fistula It was then fairly 
obvious that we were dealing with an instance of double kidney with an ectopic, right 
ureteral implantation, although the ureter opening was not seen 

Second Operation — January 4, 1938 Heminephrectomy, right upper pole, and partial 
ureterectomy down to the iliac vessels (E Beer) The kidney was exposed The ureters 
were adherent to the anterior portion of the previous wound One ureter was 2 cm 
in diameter and very much thickened The other was slightly larger than normal, soft 
and healthy looking After identifying the two ureters, they were followed up toward 
the kidney and the normal appearing one was found to enter the lower two-thirds of 
the kidney, whereas, the thick ureter entered the upper pole The upper pole was 
separated from the lower pole, using one finger in the upper pyonephrotic sac as guide 
for the line of separation The vascular supply to the lower part of the kidney was left 
intact, very little vascular pedicle was identified, going to the atrophic and pyonephrotic 
upper pole Following the separation of the upper pole, the bleeding from the cut 
kidney surface was controlled by three or four underpinned chromic sutures The large 
ureter was then dissected free, down to the iliac vessels, and carefully separated from 
the other ureter, which was contained in the same sheath The diseased ureter was 
tied at the level of the iliac vessels and divided with a carbolized knife It was not 
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Fig ii —Case 14 (S S ) (A) Excretory urogram showing lower pole of double kidney, no e\crc 
tory media from upper pole (ref B and C) (B) Retrograde pyelogram showing outline of lower 
pole of duplicated right kidney (ref A and C) 



(C) (D) 

Fig ii — (Cl Roentgenogram taken after simultaneous instillation of radiopaque solution through 
the ncphrostonn tube and through the ureteral catheter, showing double kidne' (right) and ureters 
Note the dilatation of the upper pchis and its ureter which was found to end blindly in the right 
anterior \agnnl wall (D) E\crclor\ urogram four months postoperatn tly showing good function 
of the convened upper two thirds of the right kidnei Right ureter can be seen as in the original pic 
turts, displaced far from the spine 
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considered advisable to remove the entire ureter, since tins procedure would have entailed 
making- a second incision m the abdominal wall, with certain resultant contamination 
from the loin wound It was appreciated that fluid might collect m the remaining portion 
of the ectopic ureter and that it would probably present itself as a cystic dilatation in 
the right anterior vaginal wall, which could be dealt with subsequently by a simple 
incision 

Subsequent Course — This cystic dilatation, corresponding with the lower stump of 
ureter, did occur in the vaginal wall, associated with fever Incision and drainage was 
performed and pus was evacuated The cavity was kept open for a number of days, and 
the patient discharged for further dressings in the dispensary Four months postopera- 
tively, an excretory urogram showed good function of the remaining lower pole 
(Fig iiD) 

Recapitulation of the Piesent Senes of 14 Cases — In 0111 expenence with 
14 cases of heminephi ectomy, there was a single opeiative mortality (Case 
6), or 7 pei cent The disease was limited to the upper pole m four cases 
(28 per cent), and of these foui cases, two had ectopic uieteis The upper 
pole and its meter weie removed, pieseivmg foi the patient the lowei half of 
the kidney In ten cases, the lower pole showed involvement, and in these 
the lowei half was lemoved, allowing the uppei poition to lemain The 
natuie of the lesion m six cases was pyonephiosis , 111 five cases it was hydro- 
nephrosis, one case had a calculous hydionephiosis , in two” cases there were 
multiple calculi I11 none of oui cases was it necessaiy to perform a sec- 
ondary nephi ectomy of the lesidual portion 

Stone 12 calculated that in a senes of 30 collected cases, 10 per cent re- 
quned secondary nephrectomy It is also of mtei est to note that m 12 of the 
42 nephrectomies reviewed by Eisendiath, 31 theie was no abnonnality in 
one segment, 111 othei woicls, henunephi ectomy would have been the moie 
conservative pioceduie In five additional cases in his senes, technical dif- 
ficulties pi evented a planned henunephi ectomy, and a complete nephrectomy 
was pei formed 

In those cases which we have been able to follow up by cystoscopy 01 
pyelography, all of them showed good function of the lemaming poition of 
kidney at vanable lengths of tune aftei the operation 

It is evident, therefore, fiom a study of these cases that consei vatism is 
most important, and that kidney tissue should be saved whenever possible 
This point may be emphasized by refeience to Case 9, who has been living 
foi 11 yeais on what amounts to appi oximately one-sixth of the normal 
amount of kidney paienchyma 

SUMMARY AND CONCLUSIONS 

(1) A series of 104 cases of double kidney is presented and an analysis 
of these cases emphasizes the well known statement that an anomalous kidney 
is prone to disease 

(2) Sixty per cent of these cases had symptoms, and 25 per cent required 
some operative procedure 

(3) Foui teen of these cases lequued a heminephrectomy, which is dis- 
cussed fiom the standpoint of indications, contraindications and technic 

(4) The conclusion is leached, aftei follow-up study of these 14 cases, 
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that conservation of renal tissue is indicated m instances of double kidney 
and that hemmephi ectomy fulfils this purpose Of the 14 cases of hemmeph- 
icctomy, ten were adequately conti oiled by cystoscopy, excretory urography 
01 both, the lesidual part of the kidney was found to function satisfactoi il> 
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DENERVATION OF THE BLADDER FOR RELIEF OF 
INTRACTABLE PAIN 

W J Merle Scott, M D , and Carlisle F Sciiroeder, M D 

Rochester, N Y 

ntOM THE DEI AHTMENT OF SUtlGEm THE UM\ ERSITT OP ItOCIIFSTEH SCIIOOI OF MEDICINE AND DENTIbTRY 
IIOCIIESTLR, N I , VN’I) TIIF DEP IRTMENT OF UROLOGI , TJIE GODWIN JENNINGS JI03PIT II DETROIT, MICII 

Intractable bladder pain associated with frequency and tenesmus is al- 
ways a veiy distiessing condition When, however, it continues steadily 
foi months at a time, it may completely undeimine both the morale and the 
lecuperative powers of the patient There are two chiomc diseases, namely, 
tubeiculosis of the bladdet and intei stitial cystitis, in which this distressing 
synch ome is paiticulaily apt to occui in a foim which fails to respond to the 
usual methods of conservative tieatment Tuberculous cystitis is nearly al- 
ways secondaiy to tuheiculosis of the kidney Consequently when the majoi 
infection is limited to one kidney, its lemoval generally allows the tuberculous 
involvement of the bladdei to clear up When both kidneys aie involved in 
open lesions, howevei, theie is a continuous and inevitable lemfection of the 
bladder, which frequently makes ineffective all measures directed toward 
the alleviation of symptoms fiom the local tubeiculous ulceiation The effect 
of the pam and loss of sleep in patients combating a tuberculous involvement 
is distinctly haimful In mteistitial cystitis also, although many cases re- 
spond favoiably to conseivative measuies, there aie others in which the whole 
gamut of such piocedures leaves the agonizing symptoms unaffected Thus 
one of the cases which we saw had been treated energetically for a yeai by a 
veiy competent urologist who used all of the methods usually employed Yet, 
in spite of this conscientious tieatment, the patient was in constant pain, void- 
ing every ten or 15 minutes, day and night, haggard fiom the loss of sleep, 
his moiale completely shattered and having sustained a weight loss of 25 
pounds His actual survival depended upon obtaining relief 

Confronted with such examples of mti actable vesical pam, it is quite com- 
prehensible that numeious attempts have been made to pioduce an effective 
sensory deneivation of the bladdei The gieat obstacle 111 the way of the 
successful accomplishment of this aim has been the thieefold pathway of 
afferent impulses fiom the bladder namely, the pelvic nerves (parasym- 
pathetic), the hypogastric neives (sympathetic) and the internal pudendal 
nerves (somatic) Although all thiee of these routes piobably do carry pain- 
ful sensation from the bladder, and would all have to be interrupted in oidei 
to pioduce a complete sensoiy denervation of the bladdei, they are not 0 
equal clinical impoitance in the relief of inti actable pain, noi, fortunately, 
is it necessary to mteuupt them completely in order to alleviate the distressing 
symptoms 

Among the eaily attempts to conti ol inti actable bladder pain, the mos^ 
diastic was the extnpation of the hypogastnc ganglion This procedure, 0 
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course, produced a total paralysis of the empt) mg pow er of the bladdei and 
consequently was quickly abandoned The lelief of othei forms of pelvic 
pain, particulaily those associated with the uteius, had been attempted with a 
considei able degiee of success by the Lyonnais suigeons, Lenche and Cotte, 
and the technic of such sjmpalhetic deneivation by excision of the supeiioi 
hypogastric ganglion has been fanly well standaidized The Italian suigeon, 
Pien , 1 w r as the first to successfully cany out this piocedme foi the lelief of 
bladdei pain in tw r o cases of tubeiculous cystitis Since that time, theie have 
been scatteied lepoits of individual cases or small gioups of cases tieated m 
this mannei Leai month and Braasclr assembled 12 cases of vesical pain 
tieated by sympathetic neuiectomy Only one of these cases w r as due to 
tubeiculosis Douglass'* leported five cases of intei stitial cystitis treated in 
this mannei The most sti iking thing 111 regaid to the lesults, m the few' 
scatteied cases lecoided in the liteiatuie, is the maiked vai lability 111 the 
degiee of lelief afifoided the vanous patients Thus one w'ould obtain almost 
complete lelief fiom excruciating pam w'lule in another it would continue 
laigely unabated Leai month 4 stated that he had not yet been able to lecognize 
the factois that made foi success 111 some cases and failuie in othei s 

Anothei idea suggested in the liteiatuie w'as that the improvement obtained 
in the favoiable cases lasted only a few' months and w'as not permanent There 
w'eie no data in the cases lepoited concerning any lesults Jatci than a few 
months aftei opeiation It was to gam fuither knowledge on these tw'o 
important points that the present study was undei taken Oui series includes 

II patients wuth mti actable bladder pam which w'e have sought to icheve by 
paitial deneivation of the bladdei Eight of these patients had tubeiculous 
cystitis and thiee had mtei stitial cystitis 

The extieme vanation that is found in the topogiaplnc anatomy of the 
sympathetic neivous S) stem is geneially appi eciated Theiefore, the fiist 
point to be considered was that such a vanation accounted foi the lack of 
unifoimity in the lesults obtained Oi, m other w'ords, that the unsuccessful 
cases did not have complete mtei uiption of the sympathetic pathways When 
the opeiation is earned out by the standaidized technic foi the lesection of 
the supenoi hypogastnc plexus (Cotte’s operation), theie w'ete two pai- 
ticulai souices of enoi which w'e had learned from our pievious cxpenence 

III attempting to conti ol othei types of pelvic pam In some cases fibeis 
extend fiom the mfeiioi mesenteric plexus to one of the sepaiate hypogastnc 
nenes. especial!} the left one, well below' the bifui cation of the plexus 
These aie mtcriupted only by lifting up and freeing the postcnoi suiface of 
the infenoi mesentenc aiteiy and its continuation as the supenor hemor- 
lhoidal arteiy deeply into the pelns, and dividing all fillers extending back- 
waid and downwaid fiom it Anothei set of fibeis was found fan lx fre- 
quently which escaped diwsion by the Cotte type of opeiation These were 
sympathetic nenc fibeis fiom the hypogastnc ganglion or lower parts of 
the h\ pogastric nenes lunnmg upwaid and laterally dnectly to the sacial 
sympathetic chain on one side 01 the other which they then joined Douglass 
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has also obseived such branches going directly to the pelvic sympathetic 
chain and Pien in his second paper advised ramisection of this chain pie- 
sumably in order to intei lupt such pathways 

As our hist proceduie, then, we extended the sympathetic mteiruption to 
include not only excision of the superior hypogastnc plexus but also those 
fibeis fiom the distal pait of the mfeiioi mesentenc and superior hemor- 
lhoidal aitery, and also those fibers going directly to the sacral chain We 
accomplished the latter, not by attempting the hopeless task of dissecting 
out the individual fibers retropei itoneally veiy deep in the pelvis, but by le- 
movmg the upper pait of the sacial sympathetic chain including the first and 
second sacial ganglia (The dissection must not be carried so deeply that 



Chart i — Case 3 Showing, graphically, the result of sjmpathetic denervation in tuberculous cjstitii 

the sacial [parasympathetic] neives are injured ) In our second case, a young 
man, with bilateral renal tubeiculosis and tuberculous cystitis, the left sacral 
chain was not disturbed for technical reasons We found that this patient 
had much more pain than the succeeding ones on distention of the bladder 
aftei operation Consequently, in subsequent cases we have been careful 
wherever possible to remove the upper sacral chain 

In the eight cases of tuberculous cystitis, sympathetic denervation has 
lesulted in a marked decrease m the amount of pain suffered, often with 
an increase m bladder capacity and a decrease in the frequency of voiding 
Case 3 illustrates the maiked improvement obtained (Chart i) This patient 
had been suffering so severely from pam and frequency that she had been 
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on constant catheter drainage for eight months Hei bladder capacity was 
approximately xoo cc Withm four days aftei opeiation, hei pam and 
fiequency had maikedl) diminished Her bladder capacit) giadualh m- 
ci eased, aided by dilatation, to 350 or 400 cc and now tlnee yeais aftei 
operation, she is having practical!} no bladder pam The othei cases of 
tubei culous cystitis have also shown a marked relief fiom pam On the 
othei hand, the cases of interstitial cystitis have shown a much moie varied 
type of 1 esponse One patient showed a most striking lelief of pam, one a 
moderate relief and one veiy little improvement 

We concluded, theiefore, that 111 tubei culous cystitis, sympathetic denerva- 
tion of the bladder could be idled upon to relieve the pam to a marked 
extent with a vanable mciease 111 bladdei capacity, while m intei stitial cystitis, 
the lesult w r as much more uncertain 

This difference in the results achieved by sympathetic deneivation in 
tuberculous and interstitial cystitis could not be explained on the basis of in- 
dividual vaiiation 111 the nervous pathways The only explanation that 
seemed leasonable foi this discrepancy w^as m the site of the bladdei involve- 
ment In tubei culous cystitis, the chief area of mutation is in the tngonal 
region, wdieieas, in interstitial cystitis, it w^as moie apt to be 111 the fundus of 
the bladder Just how' sympathetic deneivation acts to lelieve the bladdei 
pam is unceilam, but as LearmontlV’ and Cheetham® lepoited, theie is regu- 
laily a diminished tonicity m the tngonal legion and a relaxation of the 
internal sphincter following sympathetic denervation The mechanism of the 
pioduction of visceral pam is not finally settled, but m the bladder as in other 
visceia, as Leai month" states, the majority of observers are agreed that 
pam anses as the result of tension m the viscus, wdiethei fiom distention, 
fiom inability to evacuate its contents, or from incoordination of the muscu- 
lai conti action Consequently m the cases relieved of pam following sym- 
pathetic deneivation, it is unceitam vhethei the relief is due to actual inter - 
uiption of affeient pathways over which pam is carried 01 whether this result 
is due to the lelaxation of the tiigone and internal sphmctei, the conti action 
01 spasm of which would othei wise cause pam This hypothesis would also 
explain the marked variability which other observeis have found, as well as 
oui selves, m the relief of pam by sympathetic deneivation in interstitial 
c} stitis If the area of nutation of the bladdei wall w r as 111 the region of 
the tiigone, then sympathetic deneivation would be likely to afford a major 
degice of relief, wheieas, if the focus of irritation w'ei e chiefly 111 the fundus, 
it would not 

In older to increase the bladder capacity m these patients, it is often de- 
snablc to cam out a piogressive dilatation of the bladder for several weeks 
01 mouths aftei operation We are convinced that the discomfort associated 
with such fotcefitl dilatation is moie effective!} abolished b) this moie com- 
plete foim of srmpathetic denervation which we ha\e earned out than b\ the 
simple icmoxal of the superior lnpogastnc plexus alone We hare also 
established the fact that the relief of pam achieved by s>mpathetic denena- 
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tion is not merely a tempoiary effect We have observed, m our cases, that 
it continues for at least three years 

One fuithei step has been added m the effort to produce moie complete 
lelief This aiose m connection with Case 6 For technical leasons due to 
a pievious mflammatoiy episode, it was thought inadvisable to attempt ex- 
posure and removal of the right upper sacral chain Although this patient 
had experienced some lelief of pam aftei opeiation, it was quite incomplete 
Subaiachnoid alcohol injection was then employed, and was found to be very 
successful in relieving the residual pam Consequently, this additional step 
is now used when the patient has persistent pain after sympathetic denerva- 
tion Possibly in those cases whei e the trigonal region is not involved, certain 
cases of mteistitial cystitis, mtraspinal alcohol alone would suffice to lelieve 
the patient This question should be furthei investigated Where the trigonal 
legion is chiefly involved, probably sympathetic deneivation will be found 
meplaceable and the mtiathecal injection of alcohol only a subsidiary method 
Unusual piecautions should be taken in administering the alcohol injections 
to prevent any injury to the motor neives of the bladdei This phase is being 
piesented m a subsequent communication 8 The subaiachnoid injection of 
alcohol, as used in these cases, piobably actually mtei rupts, in the mtraspinal 
pait of the postenoi loots, some, at least, of the fibeis fiom the pelvic and 
internal pudendal neives canymg the painful impulses fiom the bladdei to 
the coid 

Theie is one furthei step in the clinical investigation of these cases of 
mti actable bladdei pain that we are now investigating, namely the results 
obtained by tempoiarily interiupting the sympathetic neives and the pelvic 
loots separately Flothow 9 has suggested and descnbed a i datively simple 
method for anesthetization of the hypogastnc nerves A low spinal anes- 
thesia, on the othei hand, will block the sacial neives while sympathetic path- 
ways which leach the spinal coid at a much higher level will be intact By 
studying the effect on the pain of these two procedures as a preoperative test, 
it is our belief that, in the future, we can intelligently select the type or types 
of denervation that will relieve the intractable pam of tuberculosis of the 
bladder and interstitial cystitis 


CASE REPORTS 

Case x — No 90961 M D, female, age 12 CC Frequency of urination Pi 
Six years ago, patient first noted intermittent attacks of frequency of urination anc 
dysuria Four years ago, acid-fast bacilli were identified in the urine from each kidnei 
Frequency gradually increased to every half hour and incontinence at night a rea ec 
at sanatorium four years Unable to attend school P H Scarlet fever at age 8, wit 1 
out complications F H No tuberculosis or known contacts 

P E Undernourished girl, age 12 appearing chronicallj ill Teeth Two carious 
Tonsils large and cryptic Neck Small, shotty nodes Lungs Clear to auscu tation 
and percussion Heart Soft systolic murmur at apex B P 148/80 Abd No masses 
or tenderness and no C V -angle tenderness posteriori} Lab Urine Alb 1 P lus ’ 1 
W B C per HPF , no RBC , acid-fast stain negative Guinea-pig positive for u 
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culosis PSP, 35 per cent first half hour, 6o per cent in two hours Lrea clearance 
I irst hour C M 85 per cent , second hour C M 79 per cent 

Cjstoscopic examination, under caudal anesthesia, with bilateral p\clograms Showed 
bilateral calcium deposits m both kidney regions with deformity of calcine structure 
Indicate e of bilateral renal tuberculosis Bladder capacitj 80 cc Frequcncj ever} half 
hour 

Opciation — July 3, 1934 A superior hjpogastric plexectomj and exeresis of the 
sjmpathetic chain from the first to third sacral ganglion was performed 

Post 0 pci ativc Cow sc — Wound healed bj prunarj intention On the tenth PO da\, 
bladder capacitj 150 cc and frequenej reduced from e\ery 15 to 30 minutes to one to 
one and one-quarter hours Followed in outpatient department bj weeklj bladder dilata- 
tion and gomenol instillations After 12 weeks, was able to attend school for the first 
time in four years No enuresis Able to go two hours between voidings Five months 
after the operation, frequency of everj two hours, bladder capacit\ 180 cc , no pam 
whatsoev er 

Case 2 — No 69243 A F, male, age 26 CC Frequenc\ and dysuria PI 
Three jears before admission began to notice increasing djsuria, frequency and nocturia 
every one-half to one hour Associated with suprapubic discomfort and cloud} urine 
P II Noncontributorj FH Negatne for tuberculosis or contacts 

P E Young adult male, undernourished and appearing chromcallj ill Neck No 
enlaiged nodes or scars Lungs Negative to auscultation and percussion Abd No 
C V -angle or kidney tenderness anterior Tender o\er suprapubic area Genitalia 
Epuhdjmis and \asa normal Rectal Prostate indurated in both lateral lobes, also 
seminal vesicles Lab Blood studies not abnormal Wasscrmann negatne N P N , 
35 Urme Alb 1 plus, acid, cloudv, main W B C and acid-fast bacilli PSP, 77 
per cent in two hours 

Intravenous pjelography showed a dcstructne lesion in both kidnejs At cjstoseopj 
the left ureter onlj could be catheterized Positive for acid-fast bacilli Guinea-pig 
inoculation was positne Discharged to sanatorium for treatment Diagnosis Bilateral 
tuberculosis of the kidne\s 

The patient was readmitted to the hospital in October, 1934, two years later, at 
which time the bladder capacitj was 90 cc , frcqucnc\ ever} half hour, accompanied bj 
severe, burning d\ suria Had lost weight and strength and was going down lull Cjsto- 
sopic examination showed the bladder to be markedlj inflamed, with golf hole ureteral 
01 ifices on both sides No attempt made to catheterize the ureters 

O pi 1 at ion — October 5, 1934 Resection of the superior hjpogastnc plexus and 
exeresis of the light sacral sunpathctic chain from the first to third sacral ganglion 
was performed 

Postopa ativc Couisc — Relief of pain on voiding and suprapubic discomfort Blad- 
der capacity raised to 175 cc voluntarily Patient was given bladder dilatation and in- 
stillations Further dilatation than 155 cc with irrigator caused severe renal colic on 
right side (Dilatations similar to those emplojcd bv Bumpus in treatment of inter- 
stitial cjstitis, 1 c with irrigator four feet above patient, giving approximatclj 120 
Mm mercurv hvdrostatic pressure) 

Fieht months after operation, goes as long as two hours between voidings Nocturia 
four times No bladder or suprapubic discomfort Occasionallj slight terminal djsuria 
i cleared to urethra Has gained in weight and strength, able to work as apprentice 
printer 

Case 3 — No 81804 1 C female, age 18 CC Frequent and painful urination 

P I Fifteen months before admission, patient began to notice painful frequent urination 
which graduallv increased up to incontinence, especiallv at night Three months after 
onset noted radiating pam lrom right C V -angle to groin Was cvstoscoped at another 
ho-pital and a diagnosis of bilateral tuberculosis of the kidnevs was made confirmed bv 
guinea-pig mocul ition and the patient was sent to a sanatorium for treatment, where 
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tion is not merely a tempoiary effect We have observed, m our cases, that 
it continues for at least tlnee years 

One fuithei step has been added m the effort to pioduce moie complete 
relief This aiose in connection with Case 6 For technical leasons due to 
a pievious mflammatoiy episode, it was thought inadvisable to attempt ex- 
posure and removal of the right uppei sacial chain Although this patient 
had expenenced some lelief of pain aftei opeiation, it was quite incomplete 
Subai achnoid alcohol injection was then employed, and was found to be veiy 
successful in lelievmg the residual pam Consequently, this additional step 
is now used when the patient has peisistent pain after sympathetic denerva- 
tion Possibly in those cases whei e the ti igonal i eg ion is not involved, certain 
cases of interstitial cystitis, intraspinal alcohol alone would suffice to lelieve 
the patient This question should be furthei investigated Where the ti igonal 
legion is chiefly involved probably sympathetic deneivation will be found 
meplaceable and the intiathecal injection of alcohol only a subsidiary method 
Unusual piecautions should be taken m admmistei ing the alcohol injections 
to pi event any mjuiy to the motoi neives of the bladdei This phase is being 
piesented in a subsequent communication s The subai achnoid injection of 
alcohol, as used in these cases, piobably actually mtei uipts, m the intiaspinal 
pait of the postenoi loots, some, at least, of the fibeis fiom the pelvic and 
internal pudendal neives cariymg the painful impulses fiom the bladdei to 
the coid 

Theie is one fuithei step in the clinical investigation of these cases of 
inti actable bladdei pam that we aie now investigating, namely the lesults 
obtained by tempoianly lnteriuptmg the sympathetic neives and the pelvic 
loots sepai ately Flothow 9 has suggested and descnbed a lelatively simple 
method foi anesthetization of the hypogastuc nerves A low spinal anes- 
thesia, on the othei hand, will block the sacial neives while sympathetic path- 
ways which leach the spinal coid at a much highei level will be intact By 
studying the effect on the pam of these two piocedures as a pieopeiative test, 
it is oui belief that, m the futuie, we can intelligently select the type 01 types 
of deneivation that will relieve the mti actable pam of tubeiculosis of the 
bladder and mteistitial cystitis 


CASE REPORTS 

Case X — No 90961 M D, female, age 12 CC Frequency of urination PI 
Six years ago, patient first noted intermittent attacks of frequency of urination and 
dysuria Four years ago, acid-fast bacilli were identified m the urine from each Udne\ 
Frequenc3 r gradually increased to every half hour and incontinence at night Trea ei 
at sanatorium four years Unable to attend school P H Scarlet fever at age 8, wit 1 
out complications F H No tuberculosis or known contacts 

P E Undernourished girl, age 12 appearing chronically ill Teeth Two carious 

Tonsils large and cryptic Neck Small, shotty nodes Lungs Clear to auscultation 
and percussion Heart Soft systolic murmur at apex B P 148/80 Abd hio masses 
or tenderness and no C V -angle tenderness posteriorly Lab Urine Alb 1 plus ’ 1 
WBC per H P F , no R B C , acid-fast stam negative Guinea-pig positive for 
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culosis PSP, 35 per cent first half hour, 60 pei cent m two hours Urea clearance 
First hour C M 85 per cent , second hour C M 79 per cent 

Cystoscopic examination, under caudal anesthesia, with bilateral pj elograms Showed 
bilateral calcium deposits m both kidney legions with deformity of calcine structure 
Indicative of bilateral renal tuberculosis Bladder capacity 80 cc Frequency every half 
hour 

Opciaiion — July 3, 1934 A superior hypogastric plexectomy and exeresis of the 
sympathetic chain from the first to third sacral ganglion was perfoimed 

Postopaative Cotiise — Wound healed by primary intention On the tenth P O day, 
bladder capacity 150 cc and frequency reduced from every 15 to 30 minutes to one to 
one and one-quarter hours Followed in outpatient department by weekly bladder dilata- 
tion and gomenol instillations After 12 weeks, was able to attend school for the first 
time in four years No enuresis Able to go two hours between voidmgs Five months 
after the operation, frequency of every two hours, bladder capacity 180 cc , no pain 
whatsoever 

Case 2 — No 69243 A F , male, age 26 C C Frequency and dysuria P I 
Three years before admission began to notice increasing dysuria, frequency and nocturia 
every one-half to one hour Associated with suprapubic discomfort and cloudy urine 
P H Noncontributory F H Negative for tuberculosis or contacts 

P E Young adult male, undernourished and appearing chronically ill Neck No 
enlarged nodes or scars Lungs Negative to auscultation and percussion Abd No 
C V -angle or kidney tenderness anterior Tender over suprapubic area Genitalia 
Epididymis and vasa normal Rectal Prostate indurated in both lateral lobes, also 
seminal vesicles Lab Blood studies not abnormal Wassermann negative N P N , 
35 Urine Alb 1 plus, acid, cloudy, many W B C and acid-fast bacilli PSP, 77 
per cent in two hours 

Intravenous pyelography showed a destructive lesion in both kidneys At cystoscopy, 
the left ureter only could be catheterized Positive for acid-fast bacilli Guinea-pig 
inoculation was positive Discharged to sanatorium for treatment Diagnosis Bilateral 
tuberculosis of the kidneys 

The patient was readmitted to the hospital m October, 1934, two years later, at 
which time the bladder capacity was 90 cc , frequency every half hour, accompanied by 
severe, burning dysuria Had lost weight and strength and was going down hill Cysto- 
sopic examination showed the bladder to be markedly inflamed, with golf hole ureteral 
orifices on both sides No attempt made to catheterize the ureters 

Opciation — October 5, 1934 Resection of the superior hypogastric plexus and 
exeresis of the right sacral sympathetic chain from the first to third sacral ganglion 
was performed 

Postopeiatwe Couise — Relief of pain on voiding and suprapubic discomfort Blad- 
der capacity raised to 175 cc , voluntarily Patient was given bladder dilatation and in- 
stillations Further dilatation than 155 cc with irrigator caused severe renal colic on 
right side (Dilatations similar to those employed by Bumpus m treatment of inter- 
stitial cystitis, 1 c , with irrigator four feet above patient, giving approximately 120 
Mm mercury hydrostatic pressure ) 

Eight months after operation, goes as long as two hours between voidmgs Nocturia 
four times No bladder or suprapubic discomfort Occasionally slight terminal dysuria 
referred to urethra Has gained in weight and strength, able to work as apprentice 
printer 

Case 3 — No 81804 J C , female, age 18 C C Frequent and painful urination 
P I Fifteen months before admission, patient began to notice painful, frequent urination 
which gradually increased up to incontinence, especially at night Three months after 
onset noted radiating pain from right C V -angle to groin Was cystoscoped at another 
hospital and a diagnosis of bilateral tuberculosis of the kidneys was made, confirmed by 
guinea-pig inoculation, and the patient was sent to a sanatorium for treatment, where 
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frequency increased to every 15 minutes Placed on constant catheter drainage for eight 
months P H Six years previously, loss of weight and strength, no diagnosis made 
Four years ago pain in right shoulder, which later became ankylosed, without drainage 
F Ii No tuberculosis or contacts 

P E Undernourished girl, age 18, appearing to be in continual distress from bladder 
pain Right shoulder ankylosed at the humeroscapular joint Lungs Right apex fine 
crepitant rales Abd Scaphoid, right kidney lower pole tender on palpation Right 
C V -angle tenderness Lab RBC 4,900,000 , WBC 12,000 , Hb 90 per cent, PSP, 
35 per cent in two hours Urine Alb and sugar negative, rare WBC and RBC, 
many bacilli (gram-negative) Acid-fast bacilli present Gumea-pig positive Wasser- 
mann negative 

When first seen, the patient was leading a catheter life Bladder capacity could be 
raised to 75 cc , which, however, caused severe pain to develop in the right C V -angle, 
accompanied by chills and fever following each bladder dilatation attempted 

Operation — November 13, 1934 Resection of superior hypogastric plexus and ex- 
eresis of the sympathetic chain, bilaterally, from the first to the third sacral ganglion, 
was performed 

PostopciaHvc Cow sc — Incontinent for first three days, but had complete relief 
from pain In six days, was voiding every three-quarters to one hour In one month, 
bladder capacity 125 cc and patient going up to two hours between voidings Nocturia 
four times In two and one-half months, bladder capacity was 290 cc and continues 
between 275 to 300 cc since (Chart 1) 

Case 4 — No 12743 R B , male, age 42 C C Painful frequent urination P I 
Seven years before admission, patient first noted nocturia followed by hematuria Tivo 
months later, swollen left epididymis, which broke down, drained and healed slowly Fol- 
lowing this he developed severe dysuria and frequency Right epididymitis developed 
two months before admission, with epididymectomy elsewhere Symptoms increased, 
so that he was voiding every ten to 15 minutes, day and night, with severe dysuria 
No relief by bladder irrigations and instillations PH 1911, pleurisy with effusion 
19x2, tuberculosis right hip with draining sinuses and ankylosis 1927, Pott’s disease 
with psoas abscess 1928, ischiorectal abscess , left tuberculous epididymitis 1930, tuber- 
culosis left hip with ankylosis 

P E Undernourished male, age 42, appearing chronically ill Both hips were 
ankylosed in an extended position In continual distress from pain and frequent urina- 
tion Numerous scars and draining sinuses over hips, genitalia and lower extremities 
Teeth Carious Lungs Negative on repeated examinations B P 118/62 Heart 
Normal Abd Tip of spleen felt No C V -angle tenderness Moderately severe supra- 
pubic tenderness Genitalia Draining sinuses from epididymies Vasa indurated and 
nodular Rectal Prostate firm and irregular Lab Urine Alb 2 plus, 15-20 W B C 
per H P F , no R B C Guinea-pig positive for tuberculosis N P N 40, R B C 3,500,000, 
WBC 12,350 Cystoscopy enabled one to see only vault of bladder because of ankylosis 
of hips and spine Intravenous pyelograms showed evidence of a destructive lesion m 
both kidneys , 

Operation — November 21, 1934 Resection of the superior hypogastric plexus anc 
exeresis of the sacral sympathetic chain from the first to the third ganglion was per- 
formed 

Postopa atwe Cow sc — Continued to void frequently for two dajs, but had no pain 
Seven days postoperative, wound broke down, requiring secondary closure In three 
weeks, patient was going as long as two and one-half hours between loidings viti 110 
dysuria, bladder capacity 175 cc At eight months, he was voiding every two and one 
half to three hours, without pain He has had no dilatations or bladder treatments since 


operation 

Case 5 — Hosp No 77573 A B , male, age 48 CC Frequent painful urina ^ 
P I Began four years before admission with gradually increasing frequencj 0 urina 
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tion and dysuria, especially terminal Ten months before admission, had frank hema- 
turia, and following this, became symptomatically much worse Voided as frequently 
as every three to ten minutes, day and night, with severe pain, and developed bilateral 
tuberculous epididymitis Treated at a Veterans’ Hospital for three months with usual 
measures without relief Then treated in the outpatient department with bladder irri- 
gations with various drugs, bladder dilatations and bladder instillations of gomenol, 
following which he voided less frequently, but pain continued P H Twenty years 
ago, had pleurisy with effusion Nine years ago, had frank hemoptysis, treated with 
sanatorium regimen and tuberculosis apparently arrested 

P E Undernourished white male Teeth In poor state of repair Voice Slightly 
husky Lungs Dulness in both apices with fine rales m right apex, both anterior and 
posterior Abd Neither kidney felt or tender Suprapubic tenderness Rectal Tone 
good Bilateral indurated epididymis both very sensitive Prostate slightly enlarged, 
firm and irregular with induration of seminal vesicles, suggesting bilateral tuberculous 
seminal vesiculitis and prostatitis Lab Acid-fast bacilli from both kidneys Typical 
tuberculous lesions found in microscopic sections from removed epididymies At 
cystoscopy, under caudal anesthesia, the bladder capacity was raised to 125 cc Bilateral 
pyelograms (retrograde) showed deformities typical of tuberculosis, which was con- 
firmed by gumea-pig inoculation 

Opeiation — March 23, 1935 Presacral neurectomy and exeresis of both sacral sym- 
pathetic chains including one to two sacral ganglia was performed 

Postopci ative Coxa sc — During the first few' days, voided small amounts frequently, 
then capacity rose to 275 cc on third postoperative day, and went two to three hours 
between voidmgs, which improvement has continued Patient has no pain or dysuria 
In the outpatient department he is continuing with bladder dilatations and instilla- 
tions at regular intervals to keep his bladder capacity up 

Case 6 — No 2178 J AG, female, age 26 C C Painful frequent urination 
P I First seen m February, 1934 Six months previously began to notice frequency 
every hour and nocturia every two hours Voided about 60 cc at a time There was 
associated pam m the right groin v'hich radiated to the urethral meatus Marked dysuria 
has been present since onset FH Three relatives died with tuberculosis No known 
contacts Diagnosis Tuberculosis in the right kidney A nephrectomy and ureterectomv 
was performed in March, 1934 Frequency persisted in spite of the nephrectomy, and 
general and local measures toward treatment of the cystitis A hysterectomy was per- 
formed in January, 1935, for fibroid uterus Bladder symptoms persisted, the patient 
was voiding every five to 15 minutes with considerable pain 

Opeiation — December 2, 1935 Presacral neurectomy and a unilateral (left) ex- 
eresis of the sacral sympathetic chain was performed It was impossible to attack the 
right ganglia because of adhesions of the peritoneum and stump of the uterus 

Postopeiativc Coinsc — Within six davs, frequency was diminished to every two 
to three hours, and within 13 days the bladder capacity could be raised to 300 cc , 
although some pain persisted and there were periods m which the frequency would 
recur Subarachnoid alcohol was undertaken with the patient lying on her left side, in 
April, 193^1 using 075 cc of absolute alcohol This was repeated with the patient 
lying on the opposite side, in June, 1936, since which time, she has had complete relief 
of pam in her bladder, dysuria, and frequency She voids now every three to four hours 
and nocturia two times (which has persisted up until the present time) 

Case 7 No 2906-J R M , female, age 32 CC Painful frequent urination 
Pain in urethra on walking P I Patient had symptoms of tuberculous cystitis with 
frequency and dysuria seven years ago Nephrectomy performed, with relief of all 
bladder symptoms until nine months ago, then noted gradually increasing frequency and 
nocturia with associated dysuria, and for the last two months noted marked frequency 
every 15 to 20 minutes and urethral pam on walking P H Alsor had pulmonary tuber- 
culosis and apparent arrest m process by collapse therapy 
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P E Young, adult female, appears chronically ill but fairly well nourished Lungs 
Thickened pleura but no active lesions Abd Scar of nephrectomy on left No 
palpable organs or masses Right kidney region not tender Pelvic Urethral orifice 
red and pouting Entire urethra tender on pressure Lab Acid-fast bacilli in urine 
from remaining kidney Secondary infection with bacilli (many) The patient was 
treated by all types of irrigation, instillation and mouth medication with symptoms 
increasing for nine months Cystoscopy revealed urethritis, cystitis with ulcers near 
both ureteral orifices and right lateral wall of bladder 

Opciation — September 30, 1937 Presacral neurectomy and exeresis of lateral sacral 
sympathetic chain from first to third ganglion, bilaterally was performed 

Postopci atwc Com sc — Relief of pain except in urethra Frequency every 30 to 45 
minutes Incontinent for first two days, then occasionally nocturnal enuresis for two weeks 
Three months later secondary infection became marked, accompanied by severe urethral 
burning on walking, with frequency at times half hourly, but could go up to two hours while 
at rest Intrathecal alcohol injection, February 8, 1938, with right side uppermost, almost 
entire relief of pain with frequency diminished to three hours February 14, 1938, intra- 
thecal alcohol injection with left side uppermost Complete relief of pain Frequency 
every three to four hours, day and night Walks without pain in urethra 

Case 8 — Hosp No 25163 R C, female, age 44, was originally admitted to Iola 
Tuberculosis Sanatorium, in 1929, for minimal pulmonary tuberculosis In 1933, she had 
tuberculosis of the left hip for which she was twice fused, 111 1933, and again in 1934 
She was readmitted to Iola Sanatorium in January, 1937, for reactivation of pulmonary 
tuberculosis, and shortly thereafter developed tuberculosis of the left sacro-ihac joint, 
for which a fusion was performed Shortly thereafter, she developed frequency and 
burning, hematuria and pyuria Tubercle bacilli were demonstrated in the urine In 
spite of conservative measures, the bladder pain became increasingly severe, and wear- 
ing on the patient, causing her to lose much sleep 

Opeiation — September 9, 1937 The superior hypogastric plexus and the right 
upper sacral sympathetic chain were excised The left sacral chain was so embedded m 
scar tissue from the sacro-ihac disease that it was considered inadvisable to attempt its 
removal The patient was transferred back to Iola Sanatorium on the eleventh post- 
operative day, markedly relieved of her bladder pam If her symptoms recur (asso- 
ciated with the incompleteness of the operation), it is planned to reinforce the operative 
treatment with subarachnoid alcohol injection 

Case 9 — G P , male, young adult This was a patient seen in consultation with 
Dr Elmer Belt, at the Good Samaritan Hospital, Los Angeles, Calif He had the 
typical findings of an interstitial cystitis of severe grade In spite of vigorous conserva- 
tive measures, the bladder pain, tenesmus and frequency continued without relief The 
patient in the previous six months had lost 25 pounds in weight from the constant pain 
and loss of sleep He had to void every ten to 15 minutes, day and night Doctor Belt 
was planning to give him relief by transplanting his ureter into the colon 

Operation — The superior hypogastric plexus and the upper sacral sympathetic chains 
were removed July 7, 1935 

Postopci ative Couise — Six weeks later he had regained 20 pounds m weight, w r as 
voiding every three or four hours , his bladder capacity was 300 cc , and his only an- 
noying sensation was a burning in the urethra during urination His bladder pain ap- 
parently had been completely eliminated and his general health was excellent This im- 
provement continued until he was lost track of about a year after operation 

Case 10 — Hosp No 94259 E H , female, age 23 This patient presented a typica 
example of interstitial cystitis She had been in the hospital on seven previous occasions, 
during the past three years She had had numerous courses of irrigations, instillations, 
figurations and dilatations of the bladder without any lasting effect on the severe 
pain, tenesmus, noctuna and frequency Her bladder capacity was 80 to 90 cc an s e 
voided every 15 to 30 minutes Urine culture had shown Staphylococcus albus, B co 1, 
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B piot cus, B aei ogenes and B alkaligcnes on various occasions but no tubercle bacilli 
on gumea-pig inoculation 

Opei at ton — The superior hvpogastric plexus and the upper sacral sympathetic chain 
on each side were removed June 5, 1937 

Postopci ativc Cow sc— Within two weeks her bladder capacity had increased to 
200 cc and her symptoms were much improved However, within six months her 
dysuria and frequency had returned, with a highly infected urine, and it was felt that 
the sympathetic denervation had not helped her very appreciably 

Case ii— Hosp No 131876 E C, male, age 54 For over two years this patient 
had had frequency, urgency, burning and nocturia The pam on urination had increased 
Various conservative measures had failed to relieve it Cystoscopy showed numerous 
bleeding areas along the right and left walls and over the fundus of the bladder Tubercle 
bacilli were absent from the urine 

Ope> at ion — October 20, 1937 The superior hypogastric plexus and both upper 
sacral sympathetic chains were removed 

Postopci ativc Cow sc — The patient obtained a considerable degree of relief The 
frequency and pam were much less, the bladder capacity increased from 100 to 275 cc 
with the aid of dilatations At present he still has some bladder pain but much less 
than before operation, and he now sleeps well at night We have offered him sub- 
arachnoid alcohol injection but he does not feel that the pam is sufficiently troublesome to 
warrant coming in to the hospital for this at present 
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Discussion —Dr Loyal Davis (Chicago, 111 ) Mr Piesident and Gen- 
tlemen I think that Doctor Scott’s papei and his woik offer a veiy excellent 
example of the clinical application of known physiologic and anatomic facts 
in a field which is very difficult to investigate from a pui ely experimental 
standpoint through the employment of animal investigation 

We have been intei ested for a considerable period of time m the path- 
way of pam impulses, particulaily fiom the viscera, and our chief concern 
has been to try to woik out the mechanism foi the pathway of these visceral 
afferent impulses 

As Doctor Scott has said, he has been unable to give a conclusive answer 
to the question of whether or not the painful impulses are the result of the 
action of the efferent mechanism of the sympathetic fibers, which produces 
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contraction of smooth muscle, in itself is painful, and which are then car- 
1 led by the ordinary somatic nei ves to consciousness, or whether the visceral 
painful impulses are transmitted by an afferent mechanism over the sym- 
pathetic fibers 

As he has told you, the inneivation of the bladder is an extremely com- 
plicated one, and, as he has pointed out, there are various regions of the 
bladder which are innervated by sympathetic fibers coming from the thoracic 
lumbar segment of the spinal cord, and otliei portions of the bladder which 
aie innervated by fibers coming fiom the sacral portion of the coid, in other 
woids, parasympathetic fibeis 

Both of these types of fibeis contain small myelinated and unmyelinated 
fibers which could cariy afferent impulses In other words, both the pelvic 
nerves and the hypogastric nerves to the bladdei are both motor and sensory 
m function Although Doctor Scott has unquestionably obtained clinical 
lelief in his cases, we aie not much nearer to the solution of the exact mech- 
anism resulting in visceral pam, because in lemoving the hypogastric supply 
to the bladder, both efferent and afferent fibers have been sectioned 

I think it is in this type of work — the clinical application of known 
physiologic and anatomic facts — which will finally bring solution of the 
mechanism of the relief of pam I feel veiy strongly that the section of 
sympathetic fibers for the relief of vesical pam is not as effective as the in- 
terruption of the pathway, eithei within the spinal cord or before tbe fibers 
get to the spinal cord in the doi sal roots, because I think the mechanism is an 
efferent and not an afferent one 

In performing a choidotomy, for the lelief of visceral pain, it is necessary 
to make a deep section within the spinal cord so that a portion of the gray 
matter of the cord is interrupted, because visceral fibeis which cairy pain go 
into the spinal cord and then ascend in the cord within the gray matter and 
not in the white mattei, as does pain from the periphery 
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Wound repan and wound healing aie a constant problem m suigery The 
surgeon makes incisions in the abdomen more than m any other region He 
should be concerned with the best methods of lepamng these wounds Every 
thoughtful suigeon is intei ested in the piocesses that insure the optimum 
healing and 1 estoration of the abdominal wall to as nearly noi mal as possible 
With all the importance of this subject and the general interest of surgeons 
m their daily dealing with it, there is an astonishing dearth of accurate de- 
scription of the technic of abdominal wound closure as compaied with the 
lepair of othei wounds, especially of a plastic nature William S Halsted, 1 
m Ins epoch making paper in 1913, in which he presented the silk technic 
and its essential philosophy which he had developed at the Johns Hopkins 
Hospital, devotes only a short paragraph to the discussion of abdominal 
wound repair, but gives no details as to type of sutuie and method employed 
In 1932, Dr Arthui Dean Bevan 2 presented a papei before the American 
Surgical Association entitled “Abdominal Incisions and Their Closuie” In 
this paper special stiess was laid on the description of various incisions, and 
emphasis was placed on the closure, giving the details of a technic woiked 
out by himself at the Piesbytenan Hospital, 111 which letention sutuies of 
silkworm gut were tied over pearl buttons No definite figuies weie quoted, 
however, relative to the percentage of wound disiuption and of postoperative 
ventral hernia following closuie of these vanous incisions, but m other ie- 
spects this is a most comprehensive discussion of the subject of abdominal 
incisions 

It is only mrecent years that the f ra nk and honest d iscussion of woun d 
infection and abdominal wo und disruption, a s a resul t of t he study of care - 
f ully re c ot de d and analyzed hospital lecoids m oui best hospitals, has revived 

anj nterest in w ound healmg — 

The repan of abdominal incisions piesents partic ular p roblems that are 
not met with in other wounds or other legions These may be analyzedTundei 
the following headings 

(1) The peculiar ariangement of the flexing and lotating muscles, and 
the aponeurotic layeis entering into the complex functions of the muscles of 
the abdominal wall (Figs i, 2, and 3) ThTHtHHliull ofAlie obliquFimd 
transversahs muscles on the outei edges of veitical incisions is an almost daily, 
distressing observation m the closure of such wounds 

( 2 ) The rep amed__ahdomi nal in cisions, especia lly th ose in the uppei ab- 
domen, aie subject to peculiar stress and strain as a result of vomiting, cough- 
ing, hiccough, distention and the lifting and moving of the patient by the 
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attendants in the adnnnistiations consequent to the many daily physiologic 
demands and in nursing caie The sudden pain associated with the above 
factois mci eases the lateral pull of the rotating muscles, and increases mtra- 
abdominal tension 

(3) The abdominal incisions are more frequently contaminated with 
vnulent and necrotizing aeiobic and anaerobic oiganisms than any others 



Fig 1 — To show direction of muscle ind aponeurotic fibers of 
superficial abdominal muscles (From Spalteholz 2nd edition ) 

Activated enzymes are at times in contact with drained incisions in patients 
requiring intestinal repair, followed by fistulae These are factors which not 
only inhibit normal wound healing but may actually digest the tissues and 
dissolve the absorbable catgut sutuies used in the repair In such wounds 
the factors of increased mtra-abdommal tension are most often associated, 
and it is m these patients that wound disruption and ventral hernia are most 
frequently seen 

(4) In many elderly or cachectic patients suffering from prolonged mal- 
nutrition and vitamin deficiences, and requiring extensive operations for 
resections of malignant growths of the gastro-intestinal tract, the low serum 
protein content of the blood and the tissues prevents normal healing and un 
questionably predisposes to wound disi uption 
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(5) Because of the diead of the factors mentioned under the above head- 
ings, many surgeo ns believe that heavy suture matenal should be employ ed 
both in the layer repair and m the tension or reinforcing sutures Heav y 
chromic catgu t, m double strands, as high as No 2 grade, is used m many 
climes One has but to watch the inexperienced house surgeon or assistant 
pull up on these continuous sutures, or the heavy silkworm gut or metal re- 



Fig 2 — To show direction of muscle and aponeurotic fibers of deeper 
abdominal layers (From Spalteholz, 2nd edition ) 

inforcing sutures, to appreciate the amount of tissue necrosis that will in- 
evitably result within the following 24 "hours A study of microscopic sec- 
tions in wounds so repaired reveals long transverse lines of tissue necrosis 
on either side of the repaired incision (Figs 4 and 5) The necrosis takes 
place until the tension between suture and tissue is relieved This tension, 
with a running continuous tight suture, diminishes the blood supply to the 
very tissues in which the surgeon is attempting to encourage wound healing 
This mistake of tight suturing is probably the most common one made m the 
repair of abdominal incisions 

Because of the fear of wound infection, and persistent sinus formation 
resulting from employment of nonabsorbable sutures, catgut is used by the 
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majority of suigeons m abdominal work In wounds contaminated with 
lower ileal and colon contents, nonabsorbable sutures should not be used , but 
in such wounds, contaminated with necrotizing organisms, and in incisions 
where activated pancreatic feiments are apt to be secreted, as m duodenal, 
jejunal and panel eatic opeiations, catgut has very definite drawbacks The 
uregulai and early absoiption of both plain and chromic catgut sutures in 



Fig 3 — To show direction and distribution of nerves to 'll) 
dominai wall (From Spalteholz, 2nd edition ) 


the presence of intestinal feiments has been noted by every expenenccd 
surgeon and has been experimentally demonstiated 3 Another factor, which 
has only within recent years been pointed out, 4 5 is the allergic reaction of 
catgut in patients showing edema of the wound edges and in disruption o 
abdominal wounds Kraissl, 4 working in our Surgical Laboratory, sensitizec 
52 guinea-pigs to plain and chromic catgut Celiotomies were performed upon 
these animals Tlnity per cent of these guinea-pigs disrupted their abdonuna 
wounds All of a series of 26 control guinea-pigs healed normally except 
There is little doubt but that the local reaction in patients allergic 


one 


to catgut predisposes to infection and favors wound disruption 
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Contaminated Incisions With and Without Abscess— In abdominal in- 
cisions contaminated with ileal and colon contents our present technic is as 
follows If an abscess, as in appendicitis, is piesent, it is drained with one or 



Fig 4 — (Two day wound) There is a moderate amount of cellular infiltration 
around the catgut sutures, thick, swollen strands of which arc seen to the left sur 
rounded by exudate On the right side are seen the silk sutures surrounded by prac 
tically no exudate Fibroblasts and granulation tissue are already evident around both 
catgut and silk sutures Repair has already started 



FiG s — ^ Slx day " ound > catgut on the left side, silk on the right side) All silk 
fibers are separated b> an ingrowth of fibroblasts and giant cells In striking contrast 
there is no growth immediately around the catgut, which is surrounded first by a pool 
°_f exudate, then degenerated muscle, and then by granulation tissue on the outside of 
this This is a very striking contrast Note the difference in the thickness of the wall 
on the catgut and silk side, due to excessive edema of the tissues where catgut was used 


two soft rubber tubes or cigaiette drams, introduced thiough a small opening 
m a China silk tampon, the peritoneum is closed with mteriupted No oo 
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chromic catgut sutures around the drains, and the wound is then packed with 
weak lodofoim or zinc peroxide gauze aiound the drains inside the silk tampon 
No attempt is made to suture the muscles, subcutaneous tissues or skin The 
patient must be kept m bed longei than the ones with sutured wounds, until 
the wound has filled m with granulation tissue 



Tig 6 — Closure of peri 
toneum and posterior rectus 
sheath of transversalis fascia 


If an abscess is not piesent but the wound edges 
are contaminated with ileal or colon contents, as in 
an open resection, a small Peniose drain is placed neai 
the site of repaired intestine, the peritoneum is closed 
about it, and at least the cential part of the wound is 
tamponed as in the case of the abscess 

Clean Abdominal Wound Repan — We tend, more 
and moie, to employ fine silk in all abdominal work 
Frequently the hemostats are left on until the lesion in 
the abdomen is revealed, when either catgut 01 silk can 
be decided upon They should not be used together as 
it has been demonstrated 0 that catgut fa vors the 
giowth of bacteria m the wound, an d in an infected 
wound, silk, unless in very fine grades, is more apt to 
act as a foieign body and cause protracted sinuses 
The only abdominal wounds not associated with ab- 
scesses that we dram now are resections for gastnc 
and colon cancels, cholecystectomies, especially where 
the cystic duct stump is not adequately pei itoneahzed, 
and common duct diamages 

In upper abdominal operations we determine the 
type of incision largely by the width of the intercostal 
angle — using the transverse for the wide-angled, obese 
patient, and the split rectus for the nariow costal- 
angled, thm individual We prefei transveise incisions 
because the lateral pull of the oblique and transversalis 
muscles tends to close rather than open the incision 
This is giaplucally demonstrated in patients not thor- 
oughly lelaxed under anesthesia Furthermore, the 
transversely cut rectus sheaths with their transverse 
fibers hold the sutures much more securely, and do 
not tend to tear out 


Because of our previous experience with disruptions, jsqrn e five y ears ago 
we adopted a technic for abdominal wrmnrl Hnsnre which in our handsjias 
practically eliminated, in our clean cases at least, wound disruption and post- 
operative hernia In both tiansverse and veitical . i ncisio ns, in both uPF r 
and lower abdomen, we have employed and aie cont inuing to employ the o - 
f^qngjp£bl li r toTclosnre . Peritoneum and posterior rectu s__sheath-a3i^xai2SL 
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versahs fascia, continuous, fine C silk 01 No oo chromic catgut followed at 
2 cm intervals with mtenupted sutuies This is done to bring a continuous 



Fig 7 — Showing the use of continuous fine silk fol 
lowed b> interrupted silk at z cm intervals 



surface of peritoneum to peritoneum, to insure piompt agglutination of per- 
itoneal edges, and to prevent possible piojection or protrusion of omental 
tabs into the peritoneal repair (Figs 6 and 
7) The antenor 1 ectiis_ sbeath-an 4 -ohhcfue 
muscles (111 the tiansverse incision s) aie 
repaired with the same fine silk oi chromic 
catg ut by the use ot a vertical tigure-of- 
eight, or what we call the “far-and-near ” 
stitch, at intervals of 7 to 8 Mm This 
stitch is begun by introducing the needle 5 
Mm from the edge of one sheath out 
thiough the maigm of the other edge, into 
the maigm if the first edge and out 5 Mm 
from the maigm of the opposite sheath 
Slight tension on the suture ends appyqxi- 
mates'the two edges of the sheath These 
interrupted sutures should be tied loosely 
with a square knot, to allow for the take-up 
that results fiom the occurience of the , T i ia 8 “S losure , of *£ e a t nten01 ; J ec ‘ us 
edema of repair, and to prevent any mf-fmg— Sllk sutures 

o fjdie sh eath by the sutur e 8) This is a tensionless sutuie, if loosely 
tied, which prevents tissue necrosis, and therein lies its virtue Propei hemo- 
stasis will obviate any need for subcutaneous sutuies The skin is closed with 
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mteriupted silk sutures on sepaiate cambric needles to avoid the contamination 
of the silk by lepeated punctuie of hair follicles and sweat glands with the 
same needle and the same long suture (Fig 9) 

We claim no originality in this technic, although we have not seen this 
identical procedure described Babcock 7 describes this suture as “a combined 
relaxing and coapting sutuie, one of the best sutures foi use where there is 
tension” Dr H H Lyle of St Luke’s Hospital infoims me that this “far- 
and-neai” suture has been used for many yeais on his service, employing 
catgut, and that Thomas Maikoe began using it foi rapid closure of war 
wounds during the Civil Wai Di Daniel F Tones used a similar stitch for 



Fig 9 — Closuie of skin and subcutaneous tissue with interrupted fine silk on separate 

cambric needles 


dg.ep -r e tention s utu re s -^ Undoubtedly it has been used by otheis, as we are 
using it, but we have failed to find a description of the technic for abdomin al 
wound closuie such as we are now employing "We dcTknow it has reduced 
wound disruption and postoperative incisional hernia to a minimum in our 
postoperative and follow-up studies For this reason we have abandoned the 
use of retention sutures which seldom proved effective, and frequently caused 
stitch abscesses 

In a conti ol series of 300 abdominal wounds, with the layers closed with 
catgut, bolt retention sutures tied over peail buttons were used in the great 
majority of cases We first saw these pearl button retention sutures used m 
Bevan’s Clime at the Presbyterian Hospital, Chicago Yet the incidence of 
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wound infections, disruptions and postoperative ventral herniae was far 
greater (Tables I to V) Table VI shows the distribution of cases m the 
senes reported and in the control group It will be observed that the number 
of biliary, stomach and bowel cases m the two series are roughly comparable, 
the numerical diffeience between the totals of the two gioups being due pnn- 
cipally to the numbei of appendicectomies and heimae in the repoited senes 

Table I 


THE INCIDENCE Or SUTURE MATERIAL AND THE TYPE Or 
SUTURE USED IN THE ANTERIOR SHEATH 




No of F 

& N 

Plain 


Material 

Cases Suture Suture 


Silk 


300 

228 

72 


Catgut 


181 

102 

79 


Control* 


300 

0 

300 


Totals 


781 

330 

451 


* Cases 

in the control group were sutured 

with 


catgut 








Table II 




INFECTION IN 

CLEAN OPERATIVE 

WOUNDS 



No of 

Tnv 

Per Ser 

Per 

Total 

Per 

Material Cases 

Inf 

Cent Inf 

Cent 

Inf 

Cent 

Silk 199 

4 

2 04 0 

0 0 

4 

2 04 

Catgut 25 

1 

4 00 0 

0 0 

I 

4 00 

Totals 224 

5 

2 22 0 

0 0 

5 

2 22 

Control 53 

4 

7 55 2 

3 77 

6 

11 32 



Table III 





INCIDENCE OF DISRUPTION 




F & N 

Per Plain 

Per 


Per 

Material 

Suture 

Cent Suture 

Cent 

Total 

Cent 

Silk 

1 

0 44 0 

0 0 

1 

0 33 

Catgut 

4 

3 92 1 

1 26 

5 

2 76 

Totals 

5 

1 5i 1 

0 66 

6* 

I 25 

Control 

— 

— 13 

4 34 

13 

4 34 


* Two cases have not been included m which dehiscence of the wound took 
place, because the separation of the wounds only extended down to, but not 
through, the anterior rectus sheath 


In our tables are included the abdominal incisions repaired, with the tech- 
nic described, both with fine silk and fine chromic catgut, and a series of 300 
cases repaired with chromic catgut in the usual manner, that is, with continu- 
ous sutures and leinforced with retention sutuies We use the term trivial 
infection foi any case in which the healing of the wound was not delayed 
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This includes single stitch infection or wounds with a serous discharge 
giving a positive cultuie Serious infection is one which delays the normal 
convalescence and prolongs the bedstay of the patient 

Table IV 

TOLLOW-UP STATISTICS 

Cases Per Cent Ave No Mos 


Material 

Followed 

Followed 

Followed 

Silk 

173 

57 7 

13 

Catgut 

hi 

61 4 

17 

Totals 

284 

59 2 

15 

Control 

203 

67 7 

52 


Table V 




INCIDENCE or POSTOPERATIVE HERNIA AMONG 
CASES TOLLOWED 

No 


Material 

Herniae 

Per 

Cent 


Silk 

0 

0 

0 


Catgut 

7 

6 

3 i 


Totals 

7 

2 

46 


Control 

30 

14 

77 


Table 

VI 




DISTRIBUTION 

OF CASES 




Type of Operation 

Silk Catgut 

Total 

Control 

Hepatic and biliary 

81 

81 

162 

140 

Stomach and duodenum 

40 

25 

65 

57 

Large and small bowel 

16 

48 

64 

42 

Appendicectomies 

23 

21 

44 

3 

Herniae* 

52 

0 

52 

7 

Miscellaneous 

88 

6 

94 

5 i 

Totals 

300 

181 

481 

300 


* Including ventral herniae 

Regular staff conferences and well organized follow-up clinics, m our best 
surgical sei vices all over this country, have made the surgeons, especially the 
younger gioup, veiy critical of any statements regarding wound healing and 
postopeiative herniae based upon impressions and not backed up by searching 
analyses of caiefully kept records Such studies have revealed a much higher 
incidence of disruption and ventral hernia in surgical services than the esti- 
mates based upon impressions 

Before closing I wish to emphasize again that if silk is to be employed 
m the repair of wounds, it must be used in the very fine grades Ibis con- 
notes the minimal tissue damage by the use of sharp knife dissection, fine 
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hemostats, fine needles, complete hemostasis, absence of tight sutures, careful 
isolation of skm edges, and protection of exposed tissues from drying and 
air contamination 

The numbei of recognized surgeons thioughout the countiy who have 
adopted silk technic within the past five years is remarkable and speaks for 
their open-mmdedness and then interest m ideal wound healing It is re- 
grettable that Halsted, who did so much to demonstrate the pi maples of 
wound healing, did not live to see the piesent renaissance of lus philosophy 
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Discussion — Dr Samuel C Harvey (New Haven, Conn ) I am very 
happy indeed to have the opportunity of discussing Doctor Whipple’s excel- 
lent paper I shall not go into technical details but I wish to restate the prob- 
lem m a 11101 e genei al way 

There are two ways, of course, of detei mining the certitude with which 
the healing of a wound may take place One is by expenmental investigation 
upon animals, and the other is actual surgical practice Both of these are 
essential for our knowledge of the healing of wounds 

Fiom the experimental woik upon animals, we have learned that the heal- 
ing of wounds follows a normal process It is a biologic phenomenon, which 
corresponds to the laws of growth m all biologic things 

We have also learned that theie are certain things which interfere with 
the normal healing process The process is, in the first place, one of cleaning 
up tissues which have been devitalized— a matter of three or four days The 
secondary part of the process, and the most important, perhaps, is the resti- 
tution of the tensile strength of the wound by the growth of the fibroplastic 
cells 

Theoretically, such a process should take place to the best advantage when 
there is the least amount of destruction of the cells, when there is no infection, 
and when theie is no foreign material introduced m the wound Frankly 
speaking, we have to compromise, because a wound has to be carefully ap- 
proximated in order to obtain healing This means that we have to use 
sutui es 

The use of sutui es intioduces foreign material into a wound It is just 
as much the introduction of foreign material as is the devitalization of the 
cell, the introduction of infection, or the forming of hematomata and serous 
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accumulations Therefoie, it must be reduced to the absolute minimum m 
lespect to the type of matenal and m lespect to the quantity necessary to 
achieve the pui pose of obtaining approximation of the wound 

Experimentally, that means the 1 eduction of the suture material in sue 
to a minimum and the use of suture material which has the least irritative 
effect in the wound Clinically, the same thing follows from studies of the 
complications of wound healing 

I would like to point out moie emphatically than Doctor Whipple perhaps 
did that no one is really in a position to evaluate the healing of a wound clin- 
ically unless he has veiy carefully, and at the time, personally studied the 
healing of his own wounds The impression which all of us may have, that 
our wounds heal all, or practically all, without any complications, is, I am 
convinced, a completely erroneous one A careful follow-up and careful 
evaluation will show, I think, that 4 01 5 per cent, as a minimum, do not 
heal as perfectly clean wounds 

A measure of that, perhaps the most characteristic and vital measure, is 
the disruption of the wound Again, if one studies very carefully his cases 
as they come along, he will find a very definite incidence of disruption I do 
not think there is any exception to that 

Perhaps more important, with a follow-up he will find that there is a 
definite percentage of postopei ative herniae, and a postopeiative hernia is, 
I think, almost without exception, a disruption of the wound, in most in- 
stances not involving the skm but the underlying stiuctures 

Therefore, it seems to me that Doctor Whipple’s experience here is a very 
pertinent one and very much to the point because he has carefully carried 
over into the clinic the indications resulting from his experimental work 
By the criteria of a careful follow-up and study of his wounds, and with 
the actual decrease of the complications of healing obtained by the use of a 
nonirritative suture material, in fine and restricted quantities, with the neces- 
sary delicate technic that is requited, he has actually demonstrated a veiv 
significant decrease in the complications of wound healing , 

I should like to add this one thing, however, for those of you who wishj 
to follow this procedure you should go back to Halsted’s article, m I 9 I 3 J 
m which he gave the details absolutely essential for the successful cairyingy 
out of this technic 


Dr Albert O Singleton (Galveston, Tex ) Doctor Whipple is to be 
congratulated upon his management of this very troublesome vertical, uppei 
abdominal incision I do not know of anyone who has succeeded so well with 
it There is no controversy that I can see about his technic and the reason 
for his employing it We have approached this subject from a little different 
angle and have tried to use a more anatomic incision, more or less upon the 
principle of the incision advocated some years ago by Sloan 1 
j' The chief strain or tension upon the abdominal wall, in the upper abdomen 
/particularly, is in a transverse direction, due to the action of the lateral ah- 
'dommal muscles The chief holding material of the abdominal wall is tie 
posterior sheath of the rectus muscle, which is the tendinous continuation 
of the internal oblique and transversus muscles If this is cut vertically across 
its fibers, the difficulty of maintaining it in position is very great, and when 
an unusual strain such as coughing and vomiting, it probably is impossible 0 
''maintain it in position r 

On the other hand if this structure is cut transversely in the direction 
its fibers, it may be split across the linea below, and by retracting the 
muscle out of its sheath on either jude, s ufficien t room may be acquiree 
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almost all opeiations upon the stomach or gallbladdet, etc When the wound 
is closed, its edges automatically come together No tension is required to 
coapt them, and thus no strangulation of the tissues can occui 

This same principle may be employed in an incision we are using lateial 
to the the rectus muscle, m which the rectus is retracted medially This in- 
cision is employed on the right side foi opeiations upon the biliary passages, 
and on the left side for operations upon the splenic flexuie of the colon, and 
particularly for splenectomy It begins near the midline, three to four inches 
above the umbilicus, and extends obliquely downwards and outwaids, just 
below the rib margin, almost to the iliac crest, just posterior to the anterior 
superior spme This is in the direction of the fibers of the internal oblique 
muscle The anterior sheath of the rectus muscle is cut transveisely and 
the muscle freed from the sheath for a short distance above and below The 
incision is continued across the fascia of the external oblique for two to 
thiee inches m line with the skm incision, and the external oblique is re- 
tracted further, laterally The rectus muscle is letracted toward the midline, 
and its posterior sheath is split from the linea alba, laterally, into the internal 
oblique and transversus muscles The internal oblique is split and the 
transversus and peritoneum cut in the same incision This gives a very ad- 
vantageous exposure of the gallbladder, bile ducts, appendix and pyloric end 
of the stomach on the light side The wound comes together without tension 
and is quickly and easily sutured in layers 

The incision may be used to advantage on the left side in operations for 
removal of 'the spleen, and affords a better exposuie than the usual incisions 
and with no dangei of disruption or weakening of the abdominal wall 

Our experience, as indicated here by a review of 710 consecutive upper 
abdominal incisions, is that, of the veitical incisions, 284 had nine disruptions, 
01 3 2 per cent, 15 hermae occui red, or 5 3 pei cent Of 426 tiansverse in- 
cisions (if I may call these transverse), we had no disiuptions, and only one 
henna was found, which occui red m a patient who had had an omentopexy 
performed for cirrhosis of the liver 

The suture matenal in these cases was not investigated We know that 
disruptions occurred in the first series of veitical incisions 111 which silk was 
employed m conjunction with plain and chromic catgut The suture material 
which has been used in these 426 cases has been either plain No 1 catgut or 
No o chromic catgut 

The time required for making the incision is longer but the patient is 
more comfortable following the operation, and the sense of security m the 
mind of the suigeon makes the extra effort well worth while 

REFERENCE 
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Dr Howard Lilienthal (New York City, N Y ) Speaking only of 
perfectly clean wounds, it must be obvious that an infection in a peifectly 
clean wound is usually earned m by the scalpel 

I do not use a scalpel I use the diathermic knife, the electrical scalpel 
It has to be used with caie, speed and precision, and thus obviates infection 
fiom the skm, even the deeper layers 

Dr Roscoe R Graham (Toronto, Canada) An analysis of our wound 
infections and wound disruptions has shown a higher incidence than m the 
series which is being reported by Doctor Whipple While Doctor Whipple is 
placing great emphasis on the type of suture material, and making a plea foi 
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the efficacy of silk in wound closures, the actual type of material is probably 
not as important a factoi as he would lead us to believe One has but to see 
Doctor Whipple operate, to lecogmze the gentleness and caie with which he 
treats tissues, and this I think, m no small way, has contributed to the excel- 
lence of his results In our own series we have had no incidence of wound 
infection m which there was not evidence of an accumulation of serum or 
imperfect hemostasis m the wound The fonner we believe is due to massive 
ligatures or tiaumatic methods in opening the abdominal wall In othei 
words, meticulous, sharp dissection, having regard for anatomic structures 
and planes, the avoidance of mass ligatuies, and the securing of perfect 
hemostasis are probably the important factors in securing firm, primary heal- 
ing of abdominal wounds These above 1 equii ements must of necessity be 
fulfilled if the suigeon employs silk, and in this legal d, the use of silk making 
necessary such a type of technic constitutes its greatest virtue 

Dr Walter D Wise (Baltimore, Md ) I would like to call your atten- 
tion to a subject that I hesitate to bung before this Association, except to 
pass it through this organization to many of the younger suigeons It is 
about the mattei of knots 

One constantly sees, if one is alert to that subject as some of us have 
been taught to be by avocations instead of vocations, particularly that of sail- 
ing, the indifference with which surgeons tie knots Speed, it seems, is what 
they are endeavoring to accomplish rather than meticulous caie in tying a 
flat or reef knot 

This does not apply, of couise, so much to silk as it does to catgut In 
the use of silk, a granny knot will hold quite well, but it is not entirely reliable 
In the use of catgut, anyone who has watched it swell and untie itself will 
realize that it is essential, not only to tie a reef knot, but to use a third throw 

What I am saying does not apply only to closing incisions, but it applies 
more particularly to the ligation of vessels, and probably accounts for some 
of the catastrophes 

It is probable that a good many disruptions of wounds, as has been hinted 
at but not actually said this morning, occui in the first day, 01 probably dur- 
ing the first houi or two after an operation, resulting from the act of vomiting 
or straining That is the time, regardless of when the catgut digests or if 
there is any allergy or any other factors involved, when one wants the knot 
to hold If the knots are tied with the indifference that one sometimes sees, 
then this may account for some instances of disruption 


Dr John J Morton (Rochestei, NY) I would like to endorse Doctor 
Whipple’s discussion on the healing of wounds because I have been using 
practically an identical technic during the last five years I think that it should 
be emphasized that he does not make use of so-called retention sutures 
have given up using retention sutures also The use of very fine silk, 
grade, provides for accurate approximation of the divided tissues There is 
one difference, however in our technic When we make a veitical incision, 
we go to the edge of the rectus muscle and retract the rectus over, so that v,e 
have our incision staggered and bolstered by the rectus muscle in front 


think this may help in some cases when postoperative distention occurs 

I have been very much pleased with this type of closure and I use 1 i 
gastric and gallbladder surgery as a routine It is used on a good man) 
other lowei abdominal cases and even m some large bowel resections, "W r 


I am reasonably sure that there has been no major contamination 

Dr Harvey B Stone (Baltimore, Md ) There is one factor which has 
been mentioned only passingly, and which I think needs at least a wor 
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leference that is, those cases of wound disruption which occur, apparently 
due to a failuie of the healing power of the tissues, and which I believe m 
some instances have no 1 elation either to the type of incision made or the 
material employed m the suture, 01 any of the othei defects which have been 
mentioned previously 

I am confident that theie are wounds which for some unknown biologic 
reason do not heal and I think in those cases, no mere technical procedure is 
going to correct that failure 

In the past, it has seemed to me that the incidence of such wounds has been 
strikingly high m patients suffering with advanced malignant disease, and m 
old age, conditions in which the lecuperative power of the tissues is naturally 
lowered These disruptions often take place in wounds io to 12 days after 
operation, when everything seems to have been progressing normally The 
wound suddenly splits open during an attack of coughing or sneezing , when 
one examines the wound edges, they appear as though made only a day or two 
before, without any evidence of effective granulation 

Since the loutme employment of blood transfusion m opeiations for ma- 
lignant disease, it seems to me that the incidence of such disruptions has been 
lemarkably decreased One might infer that there was a factor that might 
lie detectable m such cases, such as a diminished blood protein as suggested by 
Doctor Whipple, 01 some othei dyscrasis, that accounts for this failure to heal 
Only yesterday, I saw a patient who had had a small fibroma of the skill 
lemoved two weeks pieviously fiom the thigh, a small wound, two or three 
inches long, closed with silk It had apparently healed and the dressings had 
all been removed On the thirteenth day, the patient, while diivmg an auto- 
mobile, simply ciacked the wound wide open, thioughout its entire extent 
It didn’t bleed much, and the cut surfaces looked almost as fresh as though 
it had been made just the day befoie 

Dr Hugh H Trout (Roanoke, Va ) There aie a great many objec- 
tions to the use of catgut, one of which has not received the attention it 
deserves F01 example, for years we have been thinking that the degree and 
rate of absorbability of catgut weie dependent largely upon chromic or tannic 
acid The factor to which I refei is the age of the animal from which the 
gut is lemoved 

Our attention was first called to this by the report of Bulloch on Sutuie 
Matenal, made to the Royal Society of Surgeons of England Since this 
time we have been doing considerable experimental work, trying to obtain a 
substitute for catgut, as well as test the absoi babihty of the various brands 
and sizes of catgut Naturally, we have found that the older the animal the 
less absoi liability the gut has In fact, if one takes an old ram, the gut re- 
moved is practically a foreign body Apparently it is impossible for the 
manufacturers to know definitely the age of the animals from which the gut 
is removed 

Dr Charles C Lund (Boston, Mass) Doctoi Stone’s lemarks have 
stimulated me to enter this discussion The work that I am going to mention 
is so incomplete that I was not planning to say anything about it at this 
meeting 

As many of you know, Wolbach and others, in 1926, demonstrated that 
wounds m animals with scurvy will not heal Recently, determinations of 
blood vitamin C, the active principle m orange juice, have become reasonably 
easy to make and are reasonably accurate At Doctor Cutler’s Clinic and in 
London, it has been shown that the great majority of patients that were being 
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tieated for gastnc ulcei have a very low blood vitamin C Some of them 
piactically have scurvy 

At the Boston City Hospital, on our sei vice we have now made something 
ovei 1,000 detei initiations on several hundred patients with miscellaneous 
suigical conditions We cannot leport any results as yet, except to say that 
in the population theie are a great number of people of all classes who aie 
1 mining suboptimum levels of vitamin C, many of the levels apparently close 
to scurvy Of course the level of serum piotein, as mentioned by Doctor 
Stone, is also important in wound healing 

I think that vitamin C is probably also veiy impoitant I will say, howevei, 
that the fust disruption that occuned m a patient who had a blood vitamin C 
deteimmation made had an absolutely noimal level We checked up with 
the house officers and we found that, according to the requirements set forth 
by Doctoi Whipple, this wound had been veiy, veiy badly sutuied 

Dr Philemon E Truesdale (Fall Rivei, Mass) Doctor Wise has 
called oui attention to the undesirability of knots in wounds There is a 
distinct disadvantage in leaving a field of operation studded with knots, espe- 
cially when the material is chromicized catgut The knot acts as a foreign 
body Aftei taking cultures fiom the wound before secondary closure, it 
will invariably be found that the wound is infected, if at all, around the knot 
Bacteria may be found in the region of the knot and nowhere else 

There is always some degiee of lound cell infiltration at the point of 
fastening The coarser the hgatuie, the greater the reaction On the con- 
tiaiy, a knot which has been tied with fine silk or plain catgut produces very 
little leaction A knot tied with No I or No o chromic catgut causes only 
a mild leaction, with a few bactena, but when a No 3 01 No 4 chromic 
catgut is used, theie follows a maiked leaction around the ligature That is 
why at either end of the wound one frequently feels a hard, tender swelling, 
due to inflammatory reaction around the ligature 

Dr Allen O Whipple (closing) Regarding the results that Doctor 
Singleton has obtained by the incision that he uses We have employed this 
incision in a number of upper abdominal cases and for gastnc work, par- 
ticularly aiound the pylorus, and we have found it an Exceedingly good one 
In regard to the use of the electric cutting current We have employed 
this at times, but it always seemed to me that thereWas more of a margin 
of tissue necrosis, even though the current is used quickly, as Doctoi 
Lilienthal has suggested We still prefer the scalpel incision 

Relative to knots, I am suie that all that has been said is correct about 
the tying of knots Certainly 111 fine suture material, whether it be silk or 
catgut, a knot can be tied moie securely and with less foieign body reaction 
than when the heaviei giades are employed 

I did speak about the low seium protein in the cachectic individual with 
very poor wound healing I am sorry that I did not bring that observation 
out more fully Many of the points, because of the time, I was not able 0 
deal with as fully as I would have liked to 

Doctor Haivey and Doctor Morton have really touched upon the nnpor 
tant featuie of wound healing, and that is That in ordei to get optimum 
wound healing, whether one uses silk or catgut, one must minimize the tissue 
damage, and if one uses silk, the philosophy that goes with it develops m 
evitably and tends to minimize constantly tissue damage 
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SPONTANEOUS RUPTURE OF THE SUPERIOR AND 
INFERIOR EPIGASTRIC ARTERIES WITHIN THE 
RECTUS ABDOMINIS SHEATH 

Robert L Payne, M D 
Norfolk, Ya 

Spontaneous uipture of the internal mammal y 01 epigastric vessels 
within the rectus muscle is a definite surgical entity, though rarely occurring, 
and hence lacking the familiarity charactei istic of the average abdominal 
lesion Examples of this condition aie appended 

CASE REPORTS 

Case x — Male, age 55, had been driving an automobile over smooth roads for about 
four hours, after which time he turned the wheel over to his wife and settled back m 
the seat to rest his eyes and take a nap Without any accountable reason, he suddenly 
became conscious of a mild, but sharply acute pain in the left side of his abdomen This 
pain, at the end of 30 minutes, had increased to one of marked severity and the patient, 
being a doctor, feared that he had suffered an intestinal rupture or possibly a mesen- 
teric thrombosis There was no great shock, but he became nauseated and vomited 
Two hours elapsed from the onset of the symptoms before he reached his home and 
received medical attention The attending physician made a tentative diagnosis of some 
acute intra-abdominal lesion He was taken to the hospital immediately, and was seen 
by the author shortly after admission 

Physical Examination disclosed a heavy-set, stout man, suffering with very acute 
abdominal pain, so severe that he could not tolerate the weight of the bed clothes on his 
abdominal wall There was a mass in the region of the left rectus muscle at about 
the level of the umbilicus which was exquisitely tender on palpation, and appeared to 
be about the size of a grapefruit The left rectus muscle was tensely rigid above and 
below the mass, but the rigidity seemed to stop with a clear-cut line of demarcation 
along the midline of the abdomen, and the right rectus and right half of the abdomen 
were neither tender nor rigid The left side of the abdomen showed some tenderness 
and rigidity spreading out into the oblique and transversalis group of muscles, but these 
phenomena tapered off completely before reaching the anterior superior spine of the 
ilium Temperature, 100 6° F, pulse, 120, blood pressure, 175/95 RBC, 4,500,000, 
hemoglobin, 90 per cent , W B C , 14,000, polys , 82 per cent The bleeding and coagula- 
tion time were normal, and there was no reduction from the normal in the platelets 

The abdomen was not distended Nausea and vomiting had ceased, there was no 
mass to be felt by rectum, and the urine was negative for red blood cells and pus Careful 
consideration was given to the possible diagnosis of incarcerated hernia, volvulus, mesen- 
teric thrombosis or a ruptured viscus Roentgenologic examination, made in both the 
supine and prone positions, revealed no evidence of subcutaneous emphysema or free air 
m the peritoneal cavity Diagnosis Spontaneous hemorrhage in the left rectus muscle 
Opaation — An incision six inches long was made through the skin overlying the 
left lectus muscle, with the center of the incision at about the level of the umbilicus On 
reaching the anterior sheath of the rectus muscle, there was immediately observed an 
extensive ecchymosis with dark discoloration such as one would see underneath the 
peritoneum overlying a ruptured, ectopic pregnancy Incision of the anterior sheath 
of the rectus disclosed a large, blood-filled cavity m which one could easily pass the 
entire hand both upward and downward A quart of clotted blood w’as removed, and 
several bleeding vessels xvere found and ligated Tivo of these bleeding vessels spurted, 
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one from above and one from below, and were thought to represent the anastomosis 
between the internal mammary and epigastric arteries The rectus muscle appeared 
badly mutilated as a result of this rapidly dissecting hematoma Much of the muscle 
had already undergone separation and pressure necrosis The wound was closed except 
for one small Penrose drain for 48 hours Recovery was uneventful 

Case 2 — White, male, age 64, was admitted to the hospital with the history of hav- 
ing had a slight pain in the left lower abdomen during the previous week On the da} 
of admission the pain had become suddenly and acutely severe, and had been continuous 
since the exacerbation began The sudden development of pain occurred while the 
patient was at the breakfast table He had taken no undue exercise since arising from 
bed, and there was no history of direct or indirect trauma He had been nauseated for 
several hours before admission, but there had been no vomiting 

Physical Examination — The abdomen was flat and scaphoid except over the left 
rectus muscle which stood out prominently from the symphysis almost to the ensiform, 
like a large Bologna sausage The area of distention seemed to be absolutely limited 
by the external and internal boundaries of the sheath of the rectus muscle Rigidity was 
board-like, wheieas, the oblique muscles to the outer side and the right rectus and right 
half of the abdomen were soft and flaccid There was a history of the patient having 
stuck a nail in the plantar surface of the left foot eight days previously Temperature, 
normal, pulse, 72 R B C, 4,100,000, W B C, 10,600, polys, 80 per cent There was no 
increase in any of the reflexes, and no spasm or stiffness of the jaws or neck The 
normal temperature, moderate leukocyte count, and the slow pulse were not in keeping 
with an acute mtra-abdominal condition Because of the history of a puncture wound 
of the foot eight days previously, it was thought that this might possibly be a case of 
localized tetanus The wound in the foot appeared to be completely healed, and showed 
no tenderness or inflammation , it was, however, opened by blunt dissection, but no 
evidence of inflammation, serum or pus was found Cultures were taken from the wound 
and tetanus antitoxin, 1,500 units, injected around the wound, 20,000 additional units 
were given in the vein, and 20,000 in the muscle During the next four days 280,000 
more units of tetanus antitoxin were administered, during which interval of four da}s 
there had been no change in the patient’s condition There had been no further evidence 
of tetanus, and the culture from the wound in the foot was negative at the end of five days 
The left rectus muscle had, however, become more tense, and more sensitive, neces- 
sitating the administration of sedatives and opiates to control the pain There then 
appeared a slight, globular swelling at about the center of the left rectus sheath, aspiration 
of which disclosed old, dark blood which proved negative on culture In the meantime, 
the patient had developed a rather septic type of temperature which ranged from normal 
in the morning to 103° F in the evening The bleeding and coagulation time were 
normal , platelets, 275,000 , leukocytes, 7,100, polys , 72 per cent Blood pressure, 148/88 
It was evident that the patient had been upset by the large doses of tetanus antitoxin 
administered because of an erroneous diagnosis 

Opei at ion — An incision five inches long was made over the center of the left rectus 
muscle The sheath was almost black from hemorrhagic extravasation , upon incision 
of it there was evacuated a large quantity of old, broken down and liquefied blood clots 
The entire rectus muscle adjacent to the incision seemed to be completely destroyed y 
pressure necrosis, and by dissection of the hemorrhage upward and downward between 
the muscle fibers There was only one bleeding vein seen, and this followed the enuclea 
tion of some of the organized, old adherent clot Cultures from the cavity in the rectus 
muscle showed colon bacilli and unidentified Cocci after three days The patient was 
immediately' relieved of his pain The temperature became normal, and convalescence w 
rapid and uneventful ^ 

Case 3 — Female, age 46, was referred to the author by her family physician, " 0 
thought she had a pelvic tumor on the left side which was undergoing degeneration 
cause of a mass, the presence of acute tenderness, and some little fever The patient " 
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a multipara whose menses had been perfectly regular, and there was no pelvic dysfunction 
or symptoms of pelvic disturbance in her history She related that this trouble began 
with pain m her lower left abdomen one week previously, and that it had steadily pro- 
gressed until she appreciated that there was a tender mass in her lower abdomen on the 
left side 

Physical Examination of the pelvis showed a normal cervix by inspection, and bi- 
manual manipulation disclosed the uterus to be freely movable, no tenderness m the cul- 
desac, or in her broad ligaments The pelvis to the right of the midline was soft on 
pressure, but a large mass was palpable to the left of the midline, and was very tender , 
this tumor could only be indefinitely appreciated by the fingers in the vagina 

On abdominal examination, there was at once observed a crescentric area of purple 
ecchymosis extending below the umbilicus for about two inches, and which was confined 
entirely to the lower half of an imaginary circle drawn around the umbilicus The 
patient was questioned carefully as to how she had gotten this bruised area in the skin 
Any history of injury or any other predisposing cause was denied by the patient Fur- 
thermore, she did not know that this area of discoloration existed Further examination 
disclosed a mass about the size of an orange lying apparently within the rectus sheath 
between the level of the umbilicus and the pubic bone The mass was movable, and 

quite tender, while the muscles to the right and left of the mass were perfectly soft 

and not painful to pressure Upon asking the patient to assume a half sitting posture, 
it immediately became apparent that the mass became more prominent and was appar- 
ently located in the anterior abdominal wall The ecchymosis around the umbilicus was 

the real cue to the diagnosis of hematoma in the rectus muscle It was assumed that 

some of the blood from the hematoma had dissected down below the semilunar fold of 
Douglas, and then had gravitated along the obliterated hypogastric artery upward to 
the umbilicus Operation disclosed an hematoma in the lower rectus sheath , this had 
become organized, and when enucleated was about the size oi a small orange The 
patient was immediately relieved of her pain and made an uneventful recovery Before 
leaving the hospital, and after a most careful questioning, she finally thought that per- 
haps the beginning of this trouble was a sneezing spell However, she was not positive 
in her statements, and it did seem that this case should be considered a spontaneous 
rupture of the vessels 

Symptomatology — In spontaneous rupture of the epigastnc aitery, the 
patient usually complains of a sudden, severe pain to the right or left of the 
midline, and usually at about the level of the umbilicus However, premoni- 
tory soreness of mild character lasting from six to seven days has often been 
described preceding extensive vascular rupture with massive hemorrhage 
This type of onset has been observed m several cases, notably those reported 
by McCarty , 1 Culbertson , 2 and m one of the author’s cases With the rapid 
development of massive hemorrhage the pam is usually very severe, and the 
patient will not tolerate the weight of clothing or any extensive manipulation 
m the examination There is usually a normal or slightly increased tempera- 
tuie, and a moderate leukocytosis There is usually some prostration, and 
fiequently prolonged nausea and sometimes vomiting There is usually a 
localized mass, exquisitely tender to palpation, and described in many reports 
as varying in size fiom a hen’s egg to that of a large grapefruit The mass is 
always confined to the sheath of the rectus muscle, but it must be remem- 
bered that there is no posterior sheath below the semilunar fold of Douglas, 
and hence blood may extravasate downward anterior to the peritoneum* 
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Several cases reported have shown the hematoma to have pushed the anterior 
pei itoneum inward until the mass could be palpated per vaginam 

Ecchymosis is a most important sign, and frequently offers the first in- 
timation as to the correct diagnosis (Case 3) Vernon 3 reported a case with 
suggillation about the pubis and perineum One of the characteristic features 
about the mass is that it does not change its position, and always appears fixed 
in the light 01 left abdominal wall 

Fotheigill 4 contributes a sign which was demonstrated in Case 3 If the 
recti muscles are made to contract by having the patient sit paitially up, the 
mass can still be felt and yet it cannot be moved to either side of the abdominal 
wall The absence of ligidity and tenderness in the abdominal wall adjacent 
to the tumoi is almost pathognomonic of a lesion m the rectus sheath, in 
conti adistinction to what would be expected if there weie an intra-abdominal 
lesion present Tenderness, tonic contraction on one side, and absence of 
suriOLinding rigidity are definitely chaiactenstic of this lesion 

The chffeiential diagnosis is considered very important by most authors 
writing on this condition They seem to feel that the lesion has been too 
fiequently diagnosed as an acute mtia-abdommal lesion It is true that in 
many of the reported cases the preopeiative diagnosis has been mesenteric 
thrombosis, intussusception, volvulus, incarcerated hernia, gallbladder disease, 
twisted ovarian cyst, ectopic gestation, and degeneiating fibroids of the uterus 
McCarty feels that it is paiticularly important to recognize the possibility of 
this condition being associated with piegnancy, lest there be confusion with 
an ovarian cyst or a pedunculated fibroid, as cases have been leported occur- 
ring during pregnancy, labor and in the pueipenum 

Etiologic Facto) s — This covers a rathei bioad field of assumption Many 
cases, however, are reported to have had as a contributing factor, cough- 
ing, sneezing, and any seveie jolting associated with sudden muscular con- 
ti action Some cases have been leported in association with infectious proc- 
esses such as tetanus, tuberculosis, typhoid and typhus fever, influenza and 
low states of muscular inanition, such as is found in chronic ulcerative colitis 
It seems quite reasonable to expect that a weak, atrophic muscle would require 
less effoit to produce either a tear of its fibers or rupture of the blood vessels 
Conversely, one might intelligently inquire whether atrophic muscles are 
capable of contracting sufficiently to produce rupture of the normally elastic 
vessels 

Degeneration of blood vessels must also be consideied an important con- 
tributing factor, and it is to be remarked that 111 practically all of the cases 
repoited, the individuals are usually in late middle life, and all showed evi- 
dence of sclerosis and vascular degeneration as indicated by varying degrees 
of hypertension In 50 case reports, personally reviewed, the average blood 
pressures weie 170/95 One would expect muscular atrophy and vascular 
degeneration to be present in association with some infectious processes, par- 
ticulaily 111 men leading a sedentary life, and m inactive women, especiall) 
during pregnancy and the puerperium As indicative of how little may be 
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the contributing factor, Halperm 5 reports the occurrence m a woman, age 71, 
resulting from raising up as she turned ovei m bed As a rule, however, no 
definite cause can be found for the so-called spontaneous case Malpas G 
thinks that the spontaneous ruptures are due to some latent blood dyscrasia 
He repoits two such suggestive cases Evidence of this condition was not 
present m my patients, and was noted 111 only three of the other cases re- 
poited in the hteiature Many authois think the contributing factor is a 
pendulous abdomen, which produces traction upon the vessels and thus in- 
duces chronic attenuation and friability A consideiable efifoit has been made 
by many surgeons to study the histologic pathology of the muscle and vessels 
found at the time of operation, the most chaiacteristic findings have been 
old hemoirhage, lymphocytic infiltration and neciosis On the other hand, 
Trofimoff 14 and numerous others could find no satisfactory explanation in 
the excised muscles and vessels involved in the hematoma N^igaard 1 ’ studied 
72 cases 111 which the correct diagnosis was made m only 11 instances The 
only contributing cause he could determine was a low capillaiy resistance and 
111 two cases a prolonged bleeding time Giardma 10 records one case 111 a 
syphilitic who had an associated pylouc ulcer, the nncioscopic studies fiom 
the hematic aiea 111 the rectus showing a cluonic pioductive myositis One 
of our cases showed a localized arteritis and peri-arteritis (Case 1), and a 
number of case leports have recorded arteriosclerosis 01 hypoplasia of the 
vessels, including focal degeneration of muscle and vessels following infec- 
tions Two reports showed aneuiysmal dilatation, calcification and atheroma 
m the inferior epigastric aiteries 

Quite an impoitant gioup are those occumng m pregnancy, dui mg par- 
tuntion, or soon after delivery Spirito 17 and others have reported the sud- 
den development of a hematoma in the rectus muscle occurring 15 to 30 
minutes aftei the expulsion of the placenta, while Maxwell 18 reports 12 
spontaneous cases occurring during pregnancy, and 46 cases fiom other 
causes, in none of which was correct diagnosis made before opeiation The 
fiequent occurrence m multipara is in keeping with the theory of muscular 
stretching and impairment as a causative factor, the acute lesion being ushered 
m with an episode of coughing or sneezing Jaschte and Meldolesi 10 note 
aiteriosclerotic changes m the epigastric vessels, especially after repeated preg- 
nancies To controvert this, Dencks 20 observed an instance which fell m this 
categoi y 111 a woman, age 65, and attempted to determine the pathology of 
such cases by examining the histology of the epigastric aiteries and rectus 
muscles in 95 cadavers of both sexes ranging 111 age from 50 to 90 The find- 
ings weie not outstanding Some arteriosclerotic changes were determined, 
but ivere not of such localized high grade character as to indicate enough 
friability to be conducive to spontaneous rupture 

Infection has played an important part m the study of the localized 
pathology Chaher and Vallery 21 reported an infected hematoma of the rectus 
muscle following typhoid fever in which the cultures showed Eberth’s bacillus 
Kemvell 22 lepoited an infected hematoma in which the cultures demonstrated 
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Staphylococci amens hemolyticus Wehik 23 reported 20 cases that he had 
collected of infected hematomata, but does not mention the infecting organ- 
isms Harris, 24 operating under a mistaken diagnosis of acute appendicitis, 
found an infected hematoma of the light rectus muscle, and cultures dis- 
closed a gram-positive Bacillus which was not identified Delay in diagnosis 
and in opeiative treatment results in liquefaction of the hematoma with 
secondary infection of the clots by Staphylococci or the colon groups as dem- 
onstrated in Case 2 Influenza is the most outstanding infection found asso- 
ciated m the vanous case reports reviewed, hematomata having developed in 
the rectus muscle as a complication 

With 25 drew a most interesting conclusion m a case studied and operated 
upon by him He thought the undei lying factor was a hemorrhagic diathesis 
due to C avitaminosis Study of the blood in this case showed a total absence 
of ascorbutic acid No estimation of vitamin C in the urine was made 
Several authors have thought that systemic disease had an impoitant bearing 
on the development of the hematoma Lehman 26 reports a case associated 
with splenomyelogenous leukemia, and Dlugi 27 reports the development of a 
hematoma in the left rectus muscle, which produced intestinal obstruction m 
a case known to have leukemia Del Carril 28 also records a case of intestinal 
obstruction, occurring m a three months old child, due to extraneous pres- 
sure from a large hematoma in the right rectus muscle Lenner 29 records a 
most interesting case, occui ring after a Pfannenstiel incision, and says “There 
have been other reports of hemorrhage into the rectus sheath after Pfan- 
nenstiel’s incision ” It seems sound to conclude that hematoma of the rectus 
develops as a result of three causes (1) Muscular effort, (2) following 
low-grade infection, and (3) spontaneous rupture due to focal degeneration 
of muscle and vessels 

The military surgeons of France, Geimany, Austria and Russia have all 
recorded numerous cases following sudden muscular effort connected with 
military tiammg They conclude that rents of small vessels generally pro- 
duce slowly growing tumors and a gradual exacerbation of symptoms Rents 
of a large vessel pioduce a rapid development of symptoms and the pathog- 
nomonic signs are acute and definite In this connection, Brendeau 30 reports 
a rapidly developing hematoma m the rectus muscle which subsequently rup- 
tured into the peritoneal cavity, with immediate disappearance of the tumor 
The rapidly developing tumors are always accompanied by signs of peritoneal 
irritation such as belching, nausea, distention, rigidity, and sometimes vomit- 
ing In the slowly developing case the mistake is usually made of diagnosing 
an intra-abdominal tumor, and if the mass is intramural, it is usually confused 
with an incarcerated hernia or tumors of the abdominal wall produced by 
sarcoma, fibroma, desmoid, gumma, tuberculosis or actinomycosis The most 
suggestive finding m the slowly developing case is Laffont’s sign, name!), 
discoloration around the umbilicus which has been referred to previously, and 
was present in Case 3 
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Pathology -— Theie was no mfoimative lecoid covering the underlying 
pathology of this condition It is significant that Beals, Blanton and Eisen- 
drath 7 found eight cases among 140 bi onchopneumomas which came to 
autopsy They thought the conti lbuting factor was some localization of the 
infection in the lectus muscle associated with beginning abscess formation 
followed by luptuie and hemorrhage incident to violent coughing In the 
pathologic lepoit of Behan’s 8 case there was shown to be an alteration m the 
muscle fibeis, consisting of an exaggerated granulation and hyalm degenera- 
tion, suggesting a degenerative process pnor to the luptuie The recent 
hematoma appealed to have been extravasated between these degenerated 
fibeis The pathologic diagnosis was “chronic myositis” One might ask if 
the pathologic leaction 111 this case was conti lbutory to rupture and hemor- 
rhage, 01 conversely, were the muscle changes above described due to pressure 
neciosis fiorn the hematoma 

Vascular distui bailee followed by hyalin degeneration is the principal 
pathologic lesion associated with lupture of muscle or vessels within the 
lectus sheath This condition seems to occur more frequently within the 
iectus muscle than 111 any other single large muscle of the body Brodel, 9 
m a most scientific treatise on the anatomy of the rectus muscle, covers this 
pioblem m great detail He shows that theie are no mam arterial trunks m 
the center of the iectus muscle, but on the other hand, a diffuse capillary bed 
thiough which active flow of blood is brought about by muscular contraction 
This noimal mechanism is often disturbed by pathologic blocking of the 
capillary beds with resulting hyalin degeneration This is thought to occur 
fiequently in mild, acute infections, or in healthy individuals without ever 
being detected We know that mjuied or degeneiated muscle fibeis promptly 
regenerate, and in a shoi»t period of time nothing can be demonstrated either 
clinically 01 micioscopically However, regeneiation does not take place if 
there has been a massive injury resulting in a laige area of hyalm degenera- 
tion of the muscle Brodel thinks that this condition m a large aiea, or m 
numerous small areas scattered throughout the muscle, is conducive to rup- 
tuie of the muscle fibers 01 the vessels The moie resistant arteries are less 
liable to lupture than the fiail, thin-walled veins Any interest wdiatever on 
this subject should certainly stimulate one to lead Brodel’s article 

Anatomy — The principal function of the iectus muscle is regulating the 
inti a-abdominal pressure and aiding the other associated muscles in the act 
of expnation It is said that voluntary muscles are capable of contracting 
down to one-half their length Brodel quotes the famous artist, Leonardo 
da Vinci (1452-1519), as stating that the rectus muscle during flexion and 
extension can stietch and contract as much as nine fingerswidth, which cor- 
1 esponds m the iectus muscle of an athletic youth to about 17 cm This con- 
ti action is controlled by the three transveise tendons which really divide the 
rectus muscle into four segments, thus providing foi segmental contractions 
111 contradistinction to one laige centtal contraction 

The nerve supply comes from the anterior branches of the fifth to the 
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twelfth thoracic nerve while the vascular system is composed of the terminal 
blanches of the internal mammary commonly spoken of as the superior epi- 
gastric artery, while fiom below, the inferior epigastric ascends to anasto- 
mose with the teinunal blanches of the internal mammary by a very fine 
capillary plexus In addition, the central portion of the muscle is furthei 
supplied by small arteries coming from the seventh, eighth and ninth mter- 
costals which anastomose with the epigastnc plexus There is a double set 
of veins accompanying each aitenal system, the whole vascular network is 
situated on the dorsal surface of the rectus muscle 


Incidence of Ruptin e — The impression is almost universal that spontane- 
ous luptuie of the epigastnc aiteiy is a veiy rare occurrence The following 
facts taken from the hteratuie controvert this idea Maydl, 10 in 1882, re- 
viewed the literature from 1809 to 1880, and stated that the condition was 
accurately descnbed by Hippocrates and Galen Reference is again made to 
Leonardo da Vinci’s description previous to 1519 Maydl collected 14 cases 
of spontaneous rupture leported previous to 1880, and Cullen 11 is of the 
opinion that one of the fiist cases described in this country was by Richard- 
son, 12 in 1857 Wohlgmuth 13 collected 127 cases up to 1923, 79 of which 
were below the navel, and 18 below the semilunar fold of Douglas A study 
of the literature appealing during the last decade affords 77 articles on this 
subject, and piesents the records of 165 cases for the analysis of the his- 
tories, operative findings, and pathologic investigations There are probably 
twice this many cases which occuired during this period that have been ob- 
served but which were not reported 

Tieatment — Early and correct diagnosis, followed by piompt operative 
evacuation, is the proper treatment The seriousness of hematoma in the 
rectus muscle, whether developing spontaneously or otherwise, seems to have 
been greatly exaggerated, in my opinion, 111 the articles that have been re- 
viewed Among the 165 cases lepoited, theie are only three deaths recorded 
two from intestinal obstruction reported by Dlugi and del Carril, and one 
reported by MacLennan 31 of a man, age 55, 111 whom the diagnosis of acute 
intestinal obstruction was made, and nothing found but a hematoma in the 
middle third of the left lectus muscle Death occurred on the fourth day, 


and necropsy showed a hemorihage to have again lecuned, tlnoughout the 
arterial system there was an advanced degree of aiteriosclerosis The prin- 
cipal danger in the treatment of these cases seems to he in a mistaken diag- 
nosis, followed by unnecessary procrastination relative to operation hi a 


large percentage of these delayed operations, infection of the hematoma is 
superimposed and thus becomes a grave complication With regard to de 
layed diagnosis and treatment in these cases, Giese 32 reports a most interest 
mg case in which medicolegal aspects assume considerable importance The 
patient was a woman age 86, unhappily located 111 the home of a couple v 10 
were quite unkind to her She lay abed for two days and died without am 
physician having been in attendance Gossip was rife, and the village pastor 
urged autopsy The most prominent physical finding was a band of cam 
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blue discoloration 8 cm wide, on the left side, and extending from the um- 
bilicus to the pubes Incision )iekled dark blood External violence was 
charged Giese was called in to make further examination and found exten- 
sive arteriosclerotic changes m various parts of the circulatory system, and 
also the presence of pneumonia The verdict was that the extravasation of 
blood in the muscle occurred as the result of spontaneous seepage, and that 
death had been due to pneumonia He does not explicitly mention ruptuie 
of the deep epigastric or internal mammary arteries Considering the fre- 
quency of hematoma developing m the rectus muscle and the appaient lack 
of familiarity with this lesion, it seems pertinent to recall the admonition of 
Mr Mailer , 33 who appi opnately said that while the abdominal cavit} is called 
Pandora's box, it is highly important that we do not forget “the lid ” 

CONCLUSIONS 

So far, we can only speculate about the causes of hemorrhage into the 
sheath of the rectus muscle and point to certain piedisposmg factors The 
primary etiologic possibilities may be found either in the muscle itself or m 
its vessels 

Muscle — Degenerative changes m muscle fibers, predisposing to rupture, 
aie described by several authors, but we should not forget that degenerative 
changes m muscle fibers can be the consequence of hemorrhage As to the 
peculiar localization of this hemorrhage, the nearly unique position of the 
muscles of the abdominal wall, especially of the rectus, may be pointed out 
Except for the small muscle group of the cheek, the muscles of the ab- 
dominal wall, and especially the recti, are the only muscles of the human 
body not supported by an undei lying bone We know that Zenkei’s degenera- 
tion localizes mainly in this muscle, and that this type of degeneration does 
not only occur m typhoid fever, but also as the result of other infectious 
conditions In addition, we know that pregnancy, another of the predispos- 
ing factors, leads to both degeneration and regeneration of muscle fibers in 
the abdominal wall and into an occasional microscopic rupture of the fibers, 
and that these changes are more pronounced in cases which have had infec- 
tion during pregnancy This was proved by Strauss 35 in 20 postmortem 
examinations made during the last month of pregnancy The peculiar situa- 
tion of the rectus muscle, infection and pregnancy, may have to be counted 
among reasons for primary change m the muscle, but to me the other factor 
—vascular change— seems more important, although any one of the com- 
ponents may play its part 

Vessels Hemoirhage may arise either from arteries, veins, or from 
capillaries, and be precipitated bj rupture or by diapedesis When we con- 
sider the causes of vascular changes which may have certain connections with 
the occurrence of this disease, the following may be considered 

( 1 ) Ai t erics Arteriosclerosis , syphilis, necrosis of the media, the so- 
called third disease of the aorta which leads to spontaneous rupture of this 
vessel 
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(2) Ai tenes and Veins — Infectious changes 

(3) Veins — Changes 111 piegnancy 

(4) Capillaues — Spasm of the artenes leading to anemia, with consecu- 
tive damage of the capillaries, which results after release of the spasm, in 
hemorihage (diapedesis) from capillaues — one of the mechanisms considered 
in cerebral apoplexy 

Arteriosclerosis, not unlikely, plays its pai t because the disease in question 
is likewise one of old age Syphilis has not been found in these cases 
Necrosis of the media is only mentioned incidentally, as we do not know of 
similar changes occurring in artenes other than the aorta Infectious changes 
may play a greater pait They were often present m persons with hemor- 
ihage into the rectus muscle, and in many cases, especially, it was influenza 
which, according to Stoerk and Eppstem, 30 frequently led to vascular changes 
In support of the capillary mechanism, we may point to the frequently found 
ecchymosis , often, however, these may not be differentiated from suggillation, 
while on the other hand, hypertension is not among the concomitant diseases 
Changes m veins, predisposing to hemonhage, are not uncommon in preg- 
nancy Varices develop m the abdominal wall as well as m the legs, where 
only mechanical causes need be considered 

Today, therefore, we are, apparently, not able to determine the definite 
cause of hemoirhage into the rectus muscle The possibilities mentioned 
above may be helpful in further study We can point to predisposing factors 
such as old age, pregnancy and infection, and the not infrequently found 
combination of the latter with one of the former 
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Discussion — Dr Mont R Reid (Cincinnati, Ohio) I feel that I ex- 
piess the sentiments of this society when I express my personal appieciation 
to Doctor Payne for his excellent discussion of the subject 

The occuuence of this condition m a large charity hospital, such as ours, 
is fiequent enought to bring the subject up for general discussion once every 
yeai or so Yet, as so well expressed by Doctor Payne, the reason for the 
discussion is that the true condition is not thought of and the patient is 
operated upon undei the assumption that theie exists some acute mtra- 
abdonunal condition In a ceitam sense, then, this condition is analogous 
to acute mesentenc lymphadenitis or hemoirhage from a graafian follicle, 
which are so frequently operated upon for acute appendicitis The analogy 
tests largely upon the failuie of the suigeon to be conscious of, or think of, 
the occurrence of these conditions I am quite sure that Doctor Payne's paper 
will seive to make us conscious of the occurrence of spontaneous apoplexy of 
the epigastric and internal mammary aiteries and, being conscious of this 
condition, to tieat them with fewer instances of erroneous judgment (I think 
I am quite safe m saying that a coriect diagnosis will lead to an intelligent 
management of these cases by American surgeons and that a correct diagnosis 
depends largely upon a consciousness of the incidence of its occurrence ) 

That we need look foi no specific etiologic cause of this condition seems 
to me fairly obvious The epigastric and internal mammary arteries are 
ceitamly not immune to those conditions of disease and trauma which make 
aiteries subject to apoplexy 111 othei parts of the body Besides, the excellent 
anatomic studies of Cullen and Brodel show why these two vessels may be 
subjected to inordinate strain during the voluntary and involuntary functions 
of the body 

The medical profession has long regarded spontaneous arterial hemor- 
1 hages as being pecuhai to the domain of the central nervous system Doctor 
Payne has diawn attention to the fallacy of this assumption Yet, I would 
add a woicl of raining, that they are not peculiar to the central nervous 
system and the rectus abdominis muscles, they may occur in any part of 
the body On several occasions I have detected spontaneous leakage of 
arteries by healing a couise systolic biuit over the course of the peripheral 
vessels I wondei if Doctoi Payne has evei detected a biuit over hemor- 
1 hages into the rectus abdominis muscle ? 

Very shoitl). my friend Dr H Glenn Bell, of the University of Cali- 
fornia, will lepoit eight cases of spontaneous hematoma occurring m the 
lectus muscle As so aptly expiessed to me 111 a personal communication, he 
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wondeis if minor occuriences of this condition aie not fiequently overlooked 
Among people who normally live sedentary lives but exercise strenuously on 
Sundays and holidays, he has seen several who complained of severe upper 
abdominal pam, showed some rigidity of the lectus muscles and a few who 
showed the signs of an indefinite mass Yet on most caieful study no evi- 
dences of intra-abdominal abnormalities could be found And the patients 
lecovered completely (It is often said that for every case of pancreatitis 
which is diagnosed, there must be hundreds which are not recognized , it may 
be that there are many cases of small unrecognized hemorrhages into the 
lectus abdominis muscles Certainly the discussion of this whole problem 
makes me wondei about several cases which have puzzled me ) 
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The importance of leplacmg the sodium chloride and water which may 
be lost from the body by such abnoimal ways as vomiting, gastroduodenal 
suction, diarrhea, drainage from biliary and intestinal fistulae lias been empha- 
sized since the investigations of O’Sbauglinessy, 1 Hartwell and Hoguet, 2 Mac- 
Callum, Lmtz, Vermilye, Leggett, and Boas, 3 Haden and Orr, 4 - 5 - °* 7 - 8 Gamble 
and Ross, 9 and many others , 10 - u - 12 showed the value of such therapy In 
piactice, when a salt deficiency exists the amount of sodium chlonde given 
has been laigely emptuc, one to five liteis of saline solution being administered 
and the sodium chloride lestoration followed by blood chemistry studies This 
method has at least two faults If the sodium chloride needs of the patient 
have been underestimated, valuable time is lost in restoring the body chemistiy 
to normal, and secondly, if an excessive amount of salt is given, the error 
will not be shown by the blood chemistry studies and the patient may develop 
edema 13, 14, 15, 10, 17, 18 The purpose of this papei is to present briefly^ data 
leading to simple accurate lules for (i) The maintenance of a noimal sodium 
chloride concentiation in patients losing sodium chlonde while under observa- 
tion, and (2) the lestoration of sodium chloride m patients whose sodium 
chlonde concentration is below noimal when fiist examined 

The Maintenance of a Noimal Sodium Chlonde§ Concentiation — In ac- 
tual suigical piactice the pioblem of maintaining a normal sodium chloride 
level deals mainly with the patient who, while m the hospital, is losing 1m- 
poitant amounts of watei and sodium chloride tlnough loss of gastio-mtes- 
tmal secietions In 1937, Dick, Maddock and Coller 19 pointed out that the 
concentiation of sodium chlonde in these secretions is almost always less than 
the concentration of sodium chlonde in physiologic saline or Ringer’s solution, 
and they suggested that if one replaced the secretion loss by an equal volume 
of these solutions, a satisfactory watei and salt balance should be maintained 

+ This study was aided by a grant from the Rackham Research Fund for Graduate 
Studies, and the James and Elizabeth Inglis Fund for Surgical Research 

T Fellow of the Medical Research Council of Great Britain, Clinical Tutor in Surgery, 
Ro\al Infirmary, Edinburgh 

t A more complete presentation of sodium chloride metabolism 111 surgical patients 
will be published subsequently 

^Throughout the stud} onh the chlonde ion was measured and, as is customarj, its 
Nilue was expressed in terms of sodium chloride 
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To cleteimine the value of this volume-foi -volume lule a senes of patients 
who were losing alimentary tiact secietions weie studied in the following 
mannei Immediately after operation each patient was weighed on a special 
scale, a blood specimen was taken foi the detei mination of the plasma chloi- 
ldes, a Levine tube was insetted into the stomach and gasti oduodenal suction 
was instituted Nothing was given by mouth and the watei lequnements foi 
the day •weie piovided foi by the intravenous administiation of 5 pei cent 
glucose 111 distilled watei On the following moi mng the patient was weighed 
the 24-houi specimens of uime and alimentai} tiact diamage ueie measuied 
and their chlonde content detei mined, and blood was again taken foi a plasma 
chloride detei mination A volume of physiologic saline 01 Ringei’s solution 
equal to the volume of diamage for the pievious 24 houis was then given 
inti avenously, and in addition sufficient 5 per cent glucose m distilled water 
to piovide foi the watei needs of the body For the seveial days that this 
pioceduie was cained out no stools were passed The salt losses thiougli 
the skin weie not determined but in no case was theie piofuse sweating The 

Table I 

REPLACEMENT Or UPPER GASTRO INTESTINAL SECRETION LOSSES WITH LQUA1 VOI UMTS Or 

PHYSIOLOGIC SALINE SOLUTION 

i Liter o 8 s Gm NaCI 
Secretions Lost Salt Given 

Total 

24 Body G I Bile 

Hours Weight Tract T-Tube Volume NaCI 

Patient Ending Kg Cc Cc Cc Gm 

E K 2-18 _____ 

2-19 49 36 320 400 720 2 94 

2-20 47 86 850 290 1,140 7 so 

2-21 48 26 o 290 290 I 75 

2-22 47 67 0 250 250 I 49 

2— 21 47 44 0_ 250 250 I 01 

I, 170 1,480 2,650 14 69 

EM 3- 9 58 01 — — — — 

3- 10 59 06 900 0 900 6 46 

3-1 1 57 25 840 O 840 4 94 

3-12 36 85 920 O 920 5 69 

3-13 56 30 1,020 0 1,020 5 30 

3- 14 56 50 o 000 

3,68o o 3,680 22 39 

M M 2-21 42 01 — - — — — 

2-22 42 62 220 o 220 o 56 

2-23 41 32 350 o 350 2 23 

2-24 41 6s 390 o 390 2 45 

2-25 40 26 o o o o 

960 O 960 s 24 

M A 4- S 54 46 — — — — 

4- 6 — 490 160 650 4 12 

4~ 7 53 26 780 240 1,020 6 40 

4- 8 si 29 910 230 1,140 7 63 

4- 9 50 87 0 215 215 1 oS 

4-10 so 92 o 220 220 1 14 

2, 180 1, 06s 3,24s 20 37 

* 46s cc phjsiologic saline solution and 425 cc of blood 
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patients did not gam m weight, therefoie it was assumed that an excessive 
amount of salt leading to the development of water retention had not been 

given 

In Table I the data from the patients having then sodium chloi ide losses 
1 eplaced with physiologic saline solution are given The lesultmg plasma 
chloi ide levels aie shown graphically in Chait I Tlnee of the patients 
(M M, E K, and M A ) maintained a satisfactory plasma chloi ide level 
and excieted moie than i Gni of sodium chloi ide in the urine daily Although 
the plasma chlorides of the fourth case, E M , did not fall to a senously low 

CHART ! 



level, neveitheless, they were definitely below noimal This may be a failuie 
of the volume- f 01 -volume rule, or it may be an example of a patient whose 
plasma chloride level cannot be bi ought up to normal + 

In Table II aie given the data from the patients whose rasti oduodenal 
sect etion losses weie i eplaced by equal volumes of a Rmgei's solution con- 
taining the equivalent of 7 55 Gm of sodium chloi ide pei liter f ft will be 
noted that all of the cases studied (W W , J B , A G , and M L ) main- 
tained a plasma chloi ide level above 500 mg NaCl pei 100 cc , but m each 
the daily uimary excretion of sodium chloi ide fell below 1 Gm , indicating 
what we at this time, believe to be an inadequate excess of salt 

I11 all except one of the cases of Charts I and II (W W of Chart II) 
theie is a definite fall m the plasma chloride concenti ation dm mg the fiist 
24 hours of the gastro-intestmal fluid diamage, no salt being given during 
this time A fairly constant plasma chloride level is thereafter maintained 
by the 'ohnne-for-volume rep lacement, with a tendency in most cases for the 

* This mabilit\ to raise the plasma chloride level to normal has been obsened in a 
number of patients 

t Rmger s solution, as made bj different laboratories, varies m its composition 
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Table II 


REPLACEMENT OT UPPER GASTROINTESTINAL SECRETION I OSSES WITH EQUAL VOI UMTS 

or RINGER’S SOLUTION 


i Liter o 7 55 Gm NaCl 


Patient 
W W 


J B 


A G 


M L 


Secretions Lost Salt Given 

Plasma NaCl 


24 

Body 

G I 

Bile 

Total 

Ringer s 

Salt 

Chlorides 

in 

Hours 

Weight 

Tract 

T Tube 


— 

Solution 

Content 

Mg NaCl/ Urine 

Ending 

Kg 

Cc 

Cc 

Volume 

NaCl 

Cc 

Gm 

100 Cc 

Gm 





Cc 

Gm 





1— 4 

81 77 

— 

— 

— 

— 

— 

— 

538 

— 

1- 5 

80 00 

960 

1,000 

1,960 

9 97 

0 

0 

548 

0 73 

1- 6 

78 82 

290 

810 

1, 100 

6 88 

2,035 

15 36 

549 

0 54 

I- 7 

77 81 

0 

315 

315 

20 3 

i,i 33 

8 55 

573 

2 10 

I- 8 

76 96 

0 

0 

0 

0 

318 

2 30 

561 

0 35 



1,250 

2, 125 

3 . 37 S 

18 88 

3,486 

26 21 


3 72 

1-10 

73 00 

— 

— 

— 

— 

— 

— 

596 

— 

I-II 

74 SO 

480 

0 

480 

2 65 

0 

0 

545 

3 86 

I-I2 

73 23 

S 05 

0 

505 

3 30 

485 

3 66 

533 

5 19 

X-I 3 

72 33 

280 

0 

280 

1 57 

522 

3 81 

548 

0 48 

I-I 4 

72 07 

0 

0 

0 

0 

318 

2 40 

546 

0 32 



1,265 

0 

1,265 

7 52 

1,325 

9 87 


9 85 

1-10 

SI 64 

— 

— . 

— 

— 

— 

— 

586 

- 

X-II 

— 

320 

190 

510 

3 SI 

8oo + 

4 so 

520 

I 61 

I-I2 

49 6s 

77 S 

180 

955 

7 18 

517 

3 90 

520 

I 02 

I-I 3 

48 78 

855 

130 

985 

7 49 

945 

7 13 

526 

0 49 

I-I 4 

48 25 

860 

70 

930 

S 9 S 

963 

7 27 

502 

0 34 

I-IS 

49 38 

0 

ISO 

ISO 

0 88 

956 

7 22 

538 

0 27 



2,810 

720 

3,530 

25 01 

4 , 1S1 

30 32 


3 (3 

1-24 

52 91 

— 

— 

— 

— 

— 

— 

571 

- 

1-25 

S2 15 

570 

290 

860 

S 60 

0 

0 

505 

4 82 

1-26 

49 85 

540 

340 

880 

4 62 

835 

6 30 

530 

0 51 

1-27 

49 03 

520 

250 

770 

4 41 

900 

6 79 

535 

0 17 

1-28 

49 76 

0 

300 

300 

I 26 

787 

S 93 

521 

0 06 

1-29 

49 06 

0 

260 

260 

1 57 

317 

2 39 

531 

0 13 



1,630 

1,440 

3,070 

17 46 

2,839 

21 41 


5 69 


* 300 cc of physiologic saline solution and 500 cc of blood 
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level to rise on the last day of the study In an attempt to eliminate this 
initial drop and thus to maintain the plasma chlorides at a highei level, a 
series of four patients weie given about 1,000 cc of physiologic saline solu- 
tion duimg the first 24 houis of the study Then, as 111 the previous cases, 
the gastro-inlestmal secietion losses weie replaced volume-for-volume with 
physiologic saline solution 


Table III 

REPI ACEMCNT Or UPPER GASTRO-INTESTINAL SECRETION LOSSES WITH EQUAL VOLUMES OF 
PHYSIOLOGIC SALINE SOLUTION PLUS 1,000 CC PHYSIOLOGIC SALINE SOLUTION DURING 

THE FIRST 24 HOURS 

1 Liter =o= 8 5 Gm NaCl 

Secretions Lost Salt Given 







Total 



Plasma 

NaC> 


24 

Body 

G I 

Bile 



Phys 

Salt 

Chlorides 

in 


Hours 

Weight 

Tract 

T-Tube 

Volume 

NaCl 

Saline 

Content Mg NaCl/ 

Unne 

Patient 

Ending 

Kg 

Cc 

Cc 

Cc 

Gm 

Cc 

Gm 

100 Cc 

Gm 

1 D 

3-1 0 

— 

— 

— 

— 

— 

— 

— 

59i 

— 


3-17 

66 20 

ICO 

0 

120 

0 80 

1,050 

8 pi 

561 

3 77 


3-18 

65 15 

110 

0 

no 

0 76 

120 

1 02 

568 

I 01 


3-19 

63 62 

335 

0 

335 

2 27 

no 

0 93 

578 

1 33 


3-20 

64 03 

0 

0 

0 

0 

342 

2 91 

S84 

0 50 




5d5 

0 

56s 

3 83 

1,622 

13 77 


6 6r 

E R 

3-19 

46 56 

— 

— 

— 

— 

— 

— 

559 

— 


3-20 

47 29 

630 

0 

630 

4 50 

1,010 

8 60 

563 

0 36 


3-21 

45 30 

1,020 

0 

1,020 

7 53 

640 

5 36 

563 

0 46 


3-22 

44 11 

1,890 

0 

1,890 

12 36 

1,020 

8 65 

553 

0 13 


3-23 

43 2 1 

2,500 

0 

2,500 

19 28 

1,920 

16 32 

530 

0 09 


3-24 

43 17 

3.000 

0 

3,000 

20 76 

2,510 

21 33 

528 

0 14 


3-25 

42 54 

2,330 

0 

2,330 

15 38 

3,080 

26 20 

611 

0 41 




11,370 

0 

11,370 

79 81 

10, 170 

86 46 


1 59 

L W 

3-22 

58 09 

— 

— 

— • 

— 

— 

— 

57 9 

— 


3-23 

59 22 

320 

0 

320 

t 96 

1,060 

9 01 

543 

3 08 


3-24 

57 09 

310 

0 

310 

I 82 

325 

2 76 

546 

9 03 


3-25 

S4 45 

600 

0 

600 

4 01 

314 

2 67 

594 

I 97 


3-2d 

55 4<5 

0 

0 

0 

0 

582 

4 9i 

592 

0 64 




1,230 

0 

1,230 

7 79 

2, 28l 

19 35 


14 71 

M L 

4-12 

40 08 

— 

— 

— 

— 

— 



602 




4-13 

40 94 

260 

220 

4S0 

2 87 

I, 600 * 

1 1 41 

5/8 

1 33 


4-14 

39 Ob 

250 

390 

640 

3 69 

486 

4 13 

568 

4 81 


4-1 S 

38 b~ 

0 

3-0 

370 

2 07 

632 

5 37 

569 

1 59 


4-16 

37 64 

0 

390 

390 

2 17 

722 

6 14 

558 

2 12 




510 

1,370 

1,880 

xo 80 

3,440 

17 05 


9 85 


* 1 050 <x of physiologic saline solution and 550 cc of blood 


1 lie data from this study aie shown m Table III, and giaphically pre- 
sented in Chait III It will be seen that three of the four cases showed an 
initial diop m the plasma chloride level in spite of the administration of more 
than sufficient saline solution to balance the abnormal losses dui mg this 
period How evei , the fall was not as maiked as in the cases presented in 
Tables I and II in w Inch no saline solution was given during the first 24-houi 
pel rod Also, the plasma chlorides iveie maintained at a highei level for the 
leinainmg days of the stud} than was the case for the previous patients 
1 he maintenance of a satisfactory sodium chloride level m patients losing 
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significant amounts of gasti o-intestinal tiact secretions seems to be possible 
by following the volume-foi -volume replacement rule plus the administration 
of about one liter of physiologic saline solution during the first 24 hours 
This latter procedure was added to deeiease the initial fall in plasma chlor- 
ides which so fiequently occurs 

The Restoi ation of Sodium Cliloude — The idea of putting the sodium 
chlonde needs of patients on a quantitative basis is not new In 1923, Haden 
and O11 7 suggested that m well advanced intestinal obstiuction the patient 
should be given an initial dose of 1 Gm of sodium chlonde per kg of bod\ 
weight Recently, Falconet and Lyall 20 made a furthei advance m accuiate 

CHART I I I 


REPLACEMENT OF UPPER 6ASTR0-I NTEST1 NAL SECRETION 
LOSSES WfTH EQUAL VOLUMES OF PHVSfOLOGf CAL 
SALINE SOLUTION PLUS 1000 C.C. OF PHYSIOLOGICAL 



sodium chlonde therapy They gave known amounts of salt to patients with 
hypochloremia and detei mined the lesulting rise in the plasma chloride level 
Fiom their studies they concluded that “in hypochloremia about 20 grammes 
(fiom 15 to 30 grammes) of salt aie required on the aveiage to laise the 
plasma chloride by 100 mg per 100 cc ” 

Eaily in oui- 1 investigation of the salt lequirements of surgical patients 
two simple but fundamental principles became apparent First, it seemed ob- 
vious that the salt needs of a 20 Kg child must be quite diffeient fiom those 
of an adult weighing three times that much Second, it w r as thought that 1 
one could detei mine what percentage of the body salt had been lost, it should 
be possible to calculate accurately the amount of salt that must be given to 
lestore the body chlorides to normal provided the noimal salt content of the 
body is known 

Various estimations of the total chlorine content of the body have been 
made Sherman 2 - stated the amount to be o 15 pei cent of the body weig 1 
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E\pi essed as sodium chloride, this amounts to 0248 pei cent of the body 
weight On this basis tlieie are 1488 Gm of salt m a 60 Kg individual and 
496 Gm m a 20 Kg child The importance of body weight m calculations 
of salt 1 cquii ements is thus apparent 

As an index of the state of the total body sodium chlonde concentiation, 
the value of the plasma chlonde level was consideied It has been shown by 
White and Budge" J that a fall in tissue chlondes is dnectly piopoitional to 
the fali m plasma chloride concentration From this we assume that the 
plasma chlonde concentiation can he used as an index of the chloride con- 
ccnti ation tlnoughout the body On this basis, if the plasma chlondes are 
20 pei cent below noimal it is leasonable to considei that about 20 pei cent 
of the body cblondes have been lost In the pievious paiagiaph aie given data 
that can be used for calculating the total sodium chloride content of the body 
With these data and the plasma chloride le\el one should be able to calculate 
the giams of salt necessaiy to be given to a patient noth hypochloi emia to 
lestoie the chlondes to noimal, as follows 

( 1 ) Pei cent of bodj salt lost 

normal plasma chlorides — actual plasma chlondes 

~ _ — . — — — — X 100 

normal plasma chlorides 

(2) Total NaCl content of body = 0248 per cent of boch weight (Gm ) 

From (1) and (2) 

(3) Number of grams of NaCl needed to restore body chlondes to normal 

= per cent of body salt lost X total NaCl content of body 
normal plasma chlorides — actual plasma chlorides 
normal plasma chlorides 
0248 per cent of body weight (Gm ) 

560 — actual plasma chlorides 

— X 0 00248 X body wt ( Gm ) 

500 

Applying the last equation to the example of a 60 Kg patient admitted 
to the hospital with a plasma chlonde level of 410 mg NaCl pei 100 cc , the 
foi mula shows the amount of sodium chloride needed to lestoie the plasma 

chloi ide level to 360 mg pei cent,* 1 e . 410 x o 00248 X 60,000 = 

560 

39 9 Gm 

In 01 dei to detei mine the practical value of this fonnula, it rvas applied 
to a senes of indniduals with hypochloi emia This group included instances 
of p\lonc and intestinal obstruction, lectal polyp with piofuse rectal dis- 
thaige paialytic ileus and patients who had been on gasti oduodenal suction 
without acuuate leplacement of the diamage loss The patients weie given 
an amount of salt calculated as necessaiy to lestoie the plasma chlondes to 
s6o mg NaCl pei 100 cc The salt was gnen m trarenoush 111 the foim of 

The normal plasma chloride le\ei \anes from 560 to 630 mg per 100 cc The lower 

limit was selected lor the calculations because mam sick patients will not attain a higher 
le\el 
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physiologic saline 01 Ringer’s solution at the rate of about 500 cc per hour 
During the peiiod of study, 24-hour specimens of urine were collected and 
the chlorine content determined If the patient was losing chlorides through 
some abnormal source during the period of correction of the hypochloremia, 
these losses were also collected and the salt content determined These losses 
in most instances weie replaced by the volume-f 01 -volume rule 

Table IV 


RESTORATION Or BODY CHLORIDES 

The formula and clinical calculations are on the basis of a normal plasma chloride concentration 

of 560 mg NaCl/ioocc 




Initial 

Initial 


NaCl Lost During 




Final 

Final 




Plasma Plasma 



Restoration 



For 

Plasma Plasma 

Clin 



Chlo 

CO 


— 





mula 

Chlo- 

CO 

Cal 



nde= 

Comb 



Upper 



NaCl 

Cal- 

rides 

Comb 

cu 


Body 

Mg 

Power 

NaCl 


G I 



Re 

cula 

Mg 

Power 

la 


Weight NaCl/ 

Vol 

Given 

Urine 

Tract 

Stool 

Total 

tnd 

tion 

NaCl/ 

Vol 

tion 

Patient 

Kg 

100 Cc 

% 

Gm 

Gm 

Gm 

Gm 

Gm 

Gm 

Gm 

100 Cc 

% 

Gm 

0 M 

63 3 

404 

57 6 

SS 8 

7 7 

7 3 

0 

15 0 

40 8 

43 7 

559 

52 0 

49 6 

B S 

39 0 

449 

53 6 

28 4 

9 2 

I 2 

0 

10 4 

18 0 

19 2 

493 

67 1 

21 6 

J c 

65 5 

479 

45 7 

27 5 

2 6 

1 4 

0 

4 0 

23 5 

23 4 

586 

44 7 

26 S 

D C 

60 4 

513 

59 8 

IS 8 

1 3 

0 

0 

1 3 

14 5 

12 6 

564 

53 9 

14 2 

D E 

58 1 

345 

100 0 

100 6 

6 2 

38 1 

? 

44 3 

56 3 

55 3 

606 

73 0 

62 S 

LAD 

62 0 

372 

75 0 

70 1 

14 9 

5 5 

0 

20 4 

49 7 

51 6 

566 

60 0 

58 3 

C K 

48 9 

350 

48 0 

56 8 

O 7 

1 1 

17 9 

19 7 

37 I 

44 1 

528 

49 8 

49 8 

S L 

21 8 

479 

— 

8 7 

0 9 

0 

0 8 

I 7 

7 0 

7 8 

536 

— 

8 8 

L B D 

54 0 

464 

— 

25 7 

5 4 

0 3 

0 

5 7 

20 0 

22 9 

554 

— 

25 9 

B M 

34 0 

437 

— 

21 3 

0 2 

0 

0 

0 2 

21 I 

18 S 

513 

— 

20 9 

T J 

72 7 

427 

59 9 

40 6 

0 0 

0 

0 

0 0 

40 6 

42 7 

564 

48 0 

48 3 

W P 

67 7 

436 

57 3 

33 7 

1 5 

0 

0 

I 5 

32 2 

37 I 

543 

58 3 

42 0 

J W 

59 8 

447 

61 4 

26 2 

1 1 

0 

0 

1 1 

25 1 

29 7 

546 

58 9 

33 8 

S T 

73 2 

436 

67 3 

42 8 

0 5 

0 

0 

0 5 

42 3 

39 8 

554 

56 3 

45 4 

H A 

76 9 

454 

49 5 

38 2 

0 7 

0 

0 

0 7 

37 5 

35 6 

545 

60 7 

40 8 


The data fiom this study aie shown in Table IV The close correlation 
between the amount of salt retained and the amount needed as determined 
by the formula calculation indicates that the principles of salt leplacement 
previously discussed are sound In most instances the plasma chlonde level 
determined from 12 to 36 hours after the completion of the saline administra- 
tion was fairly close to 560 mg NaCl per 100 cc 

Because of important illustrative points, several cases deserve special 
comment 

Patient B S attained a final plasma chloride level of only 493 mg per 
100 cc However, this seemed to be the highest level the patient could reach 
at the time, since she excieted 92 Gm of sodium chlonde in the urine and 
fuither administration of salt failed to raise the plasma chloride level 
significantly 

Patient C K was moribund when first seen She had a large rectal polyp 
associated with fiequent watery stools and a profuse rectal discharge, the salt 
content of which was found to be 5 5 Gm per liter Befoie half of the neces- 
sary salt was administered she was awake, and within 24 hours was sitting 
up m bed and mentally aleit One of the characteristic findings in patients 
recovering from hypochloremia is a definite euphoria as the plasma chlorides 
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approach normal The final plasma chloride level in this patient was only 
528 mg per ioo cc, but it will be noted that the actual salt retention fell 
7 Gm short of the calculated need This was due to the fact that the patient 
was losing rnoie salt m the rectal dischaige than had been anticipated The 
rectal polyp was removed and the patient left the hospital cured If bet 
moribund state had not been recognized as due to hypochloremia, an opera- 
tion would nevei have been possible 

Patient LAD illustrates anothei instructive point She was a female, 
age 82, with a strangulated femoral hernia Hei calculated salt lequuement 
was 517 G111 but by mistake she was given 70 1 Gm Of the excess 194 Gm , 
5 5 Gm weie lost m gastroduodenal drainage and 149 Gm were excreted 111 
the urme In geneial, small excesses of salt are leadily eliminated by the 
kidneys, but, as otheis have pointed out, laige excesses m sick patients tend 
to cause edema 

Although the foimula was found to be accurate, it is cumbersome, and 
a seaich was made for a simpler calculation Using the formula as a basis, 
seveial simple approximations weie found, the following being considered the 
most satisfactoiy For each 100 mg per cent that the plasma chlorides need 
to be raised to leach the 1101 mal of 560 mg NaCl per 100 cc , the patient 
should be given o 5 Gm of sodium chlonde per Kg of body weight + Exam- 
ple For a 60 Kg patient with a plasma chlonde concentration of 410 mg per 
cent, the amount of sodium chlonde needed is 1 5 X o 5 X 60 = 45 0 Gm 
The figuies in the last column in Table IV were calculated on this basis and 
when compared to the formula calculation they show the adequacy of this 
simple clinical uile By its use a slight excess of salt will be given, a desir- 
able featuie, without danger 

Discussion — The clinical syndiome piesented by patients with depleted 
body chlorides is wot thy of special comment They are definitely depressed 
Theie is marked lassitude, weakness, and fatigue The patient’s mentality is 
dulled, and, 111 the most seveie cases, theie may even be stupoi and coma 
The gastio-mtestinal symptoms include, first, a dulling of the sense of taste, 24 
followed by anoiexia, nausea, and vomiting Muscular ciamps also often 

' For those who are accustomed to expressing body weight m terms of pounds rather 
than hilogiams, the following rule, which provides for slightly less salt than the clinical 
calculation, has been formulated For each 100 mg per cent that the plasma chlorides 
need to be raised, the patient should be gn en 0 2 Gm of sodium chlonde per pound of 
body weight 

In some laboratories whole blood chlorides rather than plasma chlorides are deter- 
mined Using 450 mg NaCl per xoo cc as the normal for whole blood, the formula 
calculation would be 

Gm NaCl needed 

450 — actual blood chlorides 

= X 0248 per cent of bod> weight (Gm ) 

450 

A clinical rule derned from this formula is as follows For each 100 mg per cent 
that the whole blood chlorides need to be raised, the patient should be gn cn 06 Gm of 
sodium chloride per Kg , or 0 25 Gm per pound of body w eight 
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occui Dehydiation, chaiacterizecl by a dry tongue, sunken eyes, and dry in- 
elastic skin almost invariably accompanies hypocbloiemia A low pulse pies- 
sure has also been obseived, two of oui patients piesented the clinical picture 
of shock Alkalosis with slow lespirations and tetany, or inorganic acidosis 
with deep respirations, may or may not be associated with the chlonde 
depletion 

In the consideration of sodium chloride maintenance and lestoration we 
have dealt with the chlonde ion only because, foi clinical pui poses, its detei- 
nnnation is easier than that of sodium Induect information concerning the 
plasma sodium concentiation denved fiom the estimation of the caibon diox- 
ide combining powei is always lelative to the chlonde concentration at that 
time Foi example, gastioduodenal diainage usually contains about equiva- 
lent amounts of sodium and chlonne The loss of a significant volume of 
these secretions will deplete the body of about equal amounts of sodium and 
of chlonne, and while the plasma chloride concentiation will be definitely 
lowered, the carbon dioxide combining powei will usually be within normal 
limits By oui use of the plasma chlonde detennination no implication was 
intended that chloride is moie impoitant than sodium Undoubtedly the 
sodium ion is as impoitant, if not moie impoitant, than the chloride ion This 
was sti essed by Gamble and Ross 9 In actual surgical practice, the correction 
of the chlonde depletion with sodium chlonde also coirects the sodium defi- 
ciency which always exists in some degiee when gastio-intestinal secretions 
have been lost This was emphasized by Gamble, 25 v ho pointed out that 
sodium chlonde given with an abundance of watei will collect eithei alkalosis 
01 inorganic acidosis, the kidneys excietmg the unnecessary ion 

It is impoitant to remembei that salt is always lost from the body together 
with watei in concentiations which aie always less than that of physiologic 
saline solution It is appaient, therefore, that salt used foi the restoration 
of body chlondes should be given in isotonic 01 hypotonic solutions Hypei- 
tonic solutions have the disadvantages that they fuithei dehydrate the patient, 
and they tend to pioduce inaccuracies m salt administration by causing salt 
losses m chariheal stools In this study it has been found that physiologic 
saline or Rmgei’s solution, given at the late of 400 to 500 cc per horn, is 
letainecl and coirects sodium chlonde deficiency and dehychation The addi- 
tional water needed foi the daily output of unne and vaponzation should he 
given m the fotm of 5 pei cent glucose m distilled water 

SUMMARY AND CONCLUSIONS 

The leplacement of sodium chlonde lost fiom the body by vomiting, 
gastioduodenal drainage, drainage fiom biliary and intestinal fistulae, diar- 
rhea, wound drainage, and occasionally piofuse sweating is a piactical prob- 
lem frequently encounteied by the surgeon Serious depletion of the body 
sodium chloride will lead to death unless the condition is collected 

To maintain the normal sodium chlonde content of the body in surgical 
patients losing sodium chloride abnonnally while under observation, the fob 
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lowing procedure was found to be satisfactory Adnumstei a volume of 
physiologic saline solution equal to the volume of the abnormal fluid losses 
This piocedure has a very practical application when inlying, gastroduodenal 
suction is employed In addition to the volume-foi -volume lule, m this in- 
stance it has been found advisable to give 1,000 cc of physiologic saline solu- 
tion during the fust day of the diamage penod m ordei to lessen the initial 
fall m plasma chlorides which commonly occurs 

To lestoie to normal the sodium chlonde content of a patient depleted 
of these substances, the following clinical lule was found to be effective Foi 
each ioo mg pei cent that the plasma chlorides need to be laised to leach the 
normal (560 mg NaCl pei 100 cc ) the patient should be given 05 Gm of 
sodium chlonde pei Kg of body weight 
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Discussion — Dr Thomas G Orr (Kansas City, Kans ) I11 1925, Gam- 
ble and Ross made the statement that “sodium chlonde is the only one of a 
long list of salts containing both of the 10ns specifically required for plasma 
repair” Potassium chlonde, calcium chlonde, magnesium chloride and am- 
monium chlonde have no value in plasma repair 

The tieatment of patients with sodium chlonde is a logical and simple 
type of chemotherapy, being meiely a substitution of a body chemical lost by 
disease To supply sodium chlonde in hypochloremia is compaiable to the 
transfusion of blood for anemia and is just as essential to life 

In addition to the physiologic pioperties of sodium chlonde already men- 
tioned, it may play a idle in giowth, bactericidal powei of the blood and 
maintenance of bowel tone The prompt lesponse of peristalsis when sodium 
chlonde is given to some patients with distention and hypochloienna leads to 
the belief that the chlonde balance afifects the intestinal tone 

We have found, 111 some lecent expenments upon dogs, that sodium 
nide is absorbed fiom the stomach and uppei intestine when the jejunum 
ibstiucted 25 cm below the ligament of Treitz Animals permitted to 
lk o 6 per cent sodium chloi ide live twice as long as animals drinking 
watei The blood chloi ides show 1 datively'- little change in the group 
living the salt as compaied to those chinking watei 
How much water and how much salt to give a sick patient has long been 
ractical problem Before the woik of Collei and lus associates the needs 
the patient were estimated by his clinical appeal ance and the estimation 
the blood chlorides If this is done with understanding, it is quite satis- 
toty However, one only needs to observe his own patients and pai Ocularly 
se of lus confieres who are not familiar with chlonde metabolism to 


lize the gross inaccuracies of such treatment and the desn ability of having 
ne quantitative estimate upon which tieatment with water and salt may be 
ed Everyone who has been mteiested in sodium chlonde therapy" m its 
lical and experimental aspects lealizes the wide margin of safety of this 
atment It is equally" well known that too much or too little sodium 
onde will cause definite symptoms which mean senous consequences unless 
rected The normal patient 01 expei imental animal will toleiate enormous 
quantities of sodium chlonde without apparent harm, but the sick patien , 
particularly those who have undetgone a starvation period with a reductio 
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m blood piotem, frequently develops an edema which may imolve the 
pai enchymatous oigans 

Fiom a practical standpoint the method of estimating the quantity of salt 
needed by equation seems much pieferable to measuimg the fluids lost and 
leplacing them with the same quantity of physiologic sodium chlonde solution 
Pait of the value of the gastric suction tieatment is the pleasure and comfoit 
affoided the patient by dnnkmg watei Any liquid swallowed would upset 
the balance of measuied gastnc intake and output The piactical value to 
the aveiage suigeon of Collei’s quantitative method of adnumsteiing sodium 
chlonde is quite obvious 

Dr Frederick A Coller (closing) We all lealize the impoitance of 
lestoiing the biochemical balance of the sick patient The present communica- 
tion is anothei efifoit on oui pait to furnish the clinician with piactical woik- 
mg quantitative methods foi accomplishing tins Pieviously, we have re- 
poited othei studies showing that watei losses aie the measuiable losses from 
the body, plus an aveiage loss of two liteis from the skill and lungs, that 
enables one to maintain watei balance with sufficient accuiacy We have 
lepoited oui obseivations showing that the clinical pictuie of dehydration 
was pioduced by the loss of 6 pei cent of the body weight m watei, and 
have emphasized the need of leplacing fluid and electiolyte losses by the 
pi opei fluid, emphasizing the dangei of employing saline solutions loutmely 
as a vehicle 

In the piesenl communication we hope to have demonstrated a sound 
method foi leplacing sodium chlonde losses in an accurate way, simple 
enough to have an easy clinical application Hypochloienua is not uncom- 
monly seen m the sick patients m the surgical waids The symptoms and 
signs of hypochloremia are not infrequently attnbuted to the disease causing 
the loss of body chlondes and often aie not recognized as being due primal fly 
to the alteied body chennstiy The findings most commonly encounteied m 
this condition aie maiked lassitude, weakness and a sense of gieat fatigue 
Theie aie dulling of the mentality, diowsiness verging toward stupor and 
coma, dulling of the sense of taste, anorexia, nausea and vomiting — with 
occasionally muscle ciamps Theie aie signs of dehydration — dry tongue, 
sunken eyes, diy inelastic skin and a low pulse piessure The final pi oof 
of the diagnosis lests with the determination of the plasma chlonde con- 
centiation Not infrequently alkalosis 01 inoiganic acidosis is also present, 
alkalosis if the chlonde losses aie from the stomach The carbon dioxide 
combining powei as detei mined shows the acid-base balance and may show 
alkalosis 01 inoiganic acidosis 01 be normal with a marked hypochloienua 

In actual suigical piactice, the collection of the chlonde depletion with 
sodium chlonde almost mvanably conects any distuibance in the acid-base 
balance This has been emphasized by Gamble, who pointed out that sodium 
chlonde given with an abundance of watei will correct either alkalosis or an 
inoiganic acidosis, the kidneys excreting the unnecessary ion It is important 
to lemembei that salt is always lost from the body togethei with whaler in 
concentiations always less than that of physiologic saline It is appaient, 
theiefore, that salt used foi the lestoiation of body chlondes should be given 
m isotonic 01 hypotonic solutions In this study, it has been demonstrated 
that physiologic saline oi Rmgei’s solution given intravenously at the rate 
of 400 to 500 cc pei houi is letained, and conects both sodium chloride 
deficiency and dehydiation The additional water needed for the daily out- 
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put of urine and foi vaponzation should be given m the foim ot 5 pei cent 
glucose m distilled water 

One should emphasize that death may occur when the plasma chlorides 
tall to appi oxunately half the noimal level Symptoms aie usually present 
when the plasma chlondes fall to a point below 500 mg /100 cc , and that they 
become serious when they get as low as 400 mg/ 100 cc We have been on 
the lookout for this condition, neveitheless we have neaily lost foui patients 
this yeai fiom hypochloi emia In every patient who has lost, or is losing 
fluid fiom any part of the gastio-mtestmal tiact, one must keep caieful check 
of the plasma chlondes, and if they aje low they can be leplaced with suffi- 
cient accuiacy by using the foimula piesented 
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YCITE C HOLE( 1 Y STITIb IX A BACILLUS TYPHOSUS CARRIER 


( HOLFGYSTOSTOAIY — CHOLKCYSfEGTOMl — CHOLEDOC HOI OAIA 

Constantine J MacGuire, Jr , M D 
New York 

Case Report — Hosp No 78536 A B , female, age 40, was admitted to the First 
Medical Division, Bellevue Hospital, February 22, 1937, with a positive blood culture of 
Bacillus typhosus and a typical clinical picture March 1, 1937, stools were still positive fo 
typhoid bacilli On March 31, stools were negative for typhoid bacilli The Board of 
Health examined them on the 1st, 2nd, 9th and 17th of April, 1937, all of which were 
negative for typhoid bacilli The patient was discharged April 20, 1937, apparently 
cured of an ordinary attack of typhoid fever She complained only of a slight pain 
in the right upper quadrant 

She was readmitted April 29, 1937, with a temperature of 104° F , pulse 120, blood 
count 10,300, polys 81 per cent, tluee plus bile in the urine and marked jaundice of 
six days’ duration, clay colored stools and an icteric index of 72 Previous to readmis- 
sion she had developed see ere pain in the right upper quadrant, fever and chills but 
no pruritus Tongue was dry, lner palpable two fmgersbreadth below' the costal arch, 
the spleen w'as palpable and hard , van den Bergh direct, immediate — indirect positive 
During the next three days she was very toxic with a temperature as high as 105^4° F 
On May 4, temperature and pulse commenced to subside Bile reappeared in the stools 
and the icterus diminished Blood culture negatne for typhoid and paratyphoid On May 
6, stools w'ere found positne for typhoid bacilli Duodenal drainage was instituted and 
about five cubic centimeteis of brown bile aspirated 15 minutes after the administration of 
magnesium sulphate This show'td Bacillus typhosus on culture The ictenc index w'as 
now' 16 Temperature, sepsis and jaundice decreased progressively until May 12, 14 days 
after admission, when her pulse and temperature were practicalh normal The abdomen 
had become soft except for some spasm in the right upper quadrant, and local tenderness 
On May 15, the acute piocess apparently lighted up again — temperature 104° F , pulse 120 
both of which subsided somew'hat during the next few days but the w'hite blood count of 
ovei 20,000, persisted with polys 93 per cent There w'as persistent abdominal rigidity, 
moie marked in the RUQ, but the jaundice had not recurred 

Opaation — May 19“ 1937 The gallbladder showed evidence of an old chronic 
cholecystitis It was shrunken and fibrotic and was the seat of an acute suppurative 
process It was buried in a mass of adhesions which involved the stomach and trans- 
veise colon and contained many large, hard stones and a moderate amount of very 
yellow, slimy pus No attempt was made to detach the adhesions but the main part of 
the gallbladder was removed leaving the cystic duct and a small pouch of the viscus itself 
The stones were removed and the pouch packed with gauze, the peritoneal cavitv being 
walled-off by a rubber dam The pus from the gallbladder showed a pure culture of 
Bacillus tvpJwsus She had a smooth convalescence, but there remained a persistent 
biharv fistula which discharged material w hich continued to show Bacillus typhosus on 

* Presented bcfoie the New "i ork Surgical Society October 27, 1937 Submitted 
for publication Tanuarv 4 1938 
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cultuie The stools also remained positive for Bacillus typhosus She had repeated 
blood transfusions both before and after the operation 

Because of the persistence of the Bacillus typhosus in the stools, she was again 
opeiated upon July 7, 1937 The remnants of the gallbladder were buried in a mass 
of dense adhesions through which ran a fistulous tract which discharged bile After 
this had been removed, it was found there were many stones in both the common 
and right hepatic ducts The common duct was opened and the stones removed The 
right hepatic duct was then evacuated of its calculi and flushed out with saline A 
catheter was introduced into the common duct and advanced up into the right hepatic 
duct Convalescence was unusually smooth The first examination of the stool was 
made six days postoperative and showed no tvphoid bacilli, but the discharge from the 
abdominal wound continued to show a culture of Bacillus typhosus until July 27 On 
August 6, culture from the wound showed only Staphylococcus am cits On August 
11, the wound showed only superficial granulations, since which time the stools have 
remained negative on repeated examinations for typhoid bacilli 

SUMMARY 

This case is shown because of the following lather unusual features 
Fust, lepeatedly negative stools at the end of an attack of typhoid fever 
Second, repeatedly positive stools after the development of an acute chole- 
cystitis dunng convalescence Third, pure cultuie of the Bacillus typhosus 
in a suppurative cholecystitis Fourth, peisistence of positive stools after 
cholecystectomy, pi obably due to the common and right hepatic ducts contain- 
ing stones which acted as a focus Fifth, lepeated negative stools following 
lemoval of the common and light hepatic duct stones That these weie acting 
as a focus is indicated by the lecoveiy of Bacillus typhosus fiom the biliary 
tiact for a short time aftei complete removal of the gallbladder 
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]onx 1 1 n k i n s El i ii wan. whose (loath occumd \ugust 24 1937 had 
one of the most hulhant surgical caioois in the lnston of western Penns>l- 
■vania His success as a suigeon and a teaihei nt svugen was to a gieat 
extent mllnemtd In In'- background lie wa s descended fiotn a hue of 
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Scolch-Ii ish and Welsh foieheais who distinguished thcmscKes as theologians, 
educators and oigam/cis His two gieat-giandfatheis scivcd as Revolution- 
ai} soldteis, and anothei of his ancestois was icsponsiblc foi founding 
Lafayette College in Pennsylvania, which he saved as its Piesidcnt foi 14 
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yeais, latei serving as Piesident of Washington Univeisity at Lexington, V11- 
ginia, until the Civil Wai Doctor Buchanan’s grandfather was a well-known 
cleigyman, as was his uncle who distinguished himself as a leading educatoi 
of southeastern Ohio 

His fathei, Dr James G Buchanan (1825-1909), established his piactice 
in Wellsville, Ohio, and was appointed Railroad Suigeon when the rails 
weie hist laid fiom Cleveland to Wellsville For 50 yeais, until the time of 
his death, he seived as Surgeon to the laihoad lines which weie incorpoiated 
into the gieat Pennsylvania Raihoad System This seivice was continuous 
with the exception of a foui year mteival when he seived Ins countiy as 
Militaiy Suigeon in the Union Aimy duiing the Civil Wai 

Doctoi Buchanan was boin at Wellsville, Ohio, in 1855, and received his 
pumaiy education in the public schools theie, and latei m Allegheny City 
(now the Noith Side of Pittsbuigh), wheie the family moved in 1 866 He 
pui sued a classical couise 111 the Piepaiatoiy Depaitment of the Western 
Univeisity of Pennsylvania (the piesent Univeisity of Pittsburgh), passing 
on to his collegiate couise fiom which he graduated in 1877, and leceived lus 
mastei’s degiee 111 1880 PIis medical education w^as leceived 111 the Univer- 
sity of Pennsylvania at Philadelphia, wdieie he w^on his M D degiee in 1881, 
with the fust class lequued to take a thiee yeai couise Aftei seiving his 
internship at the Western Pennsylvania Hospital, he settled down to a general 
medical and suigical piactice and leceived the appointment as one of the 
surgeons to the Pennsylvania Raihoad Lines west of Pittsbuigh He soon 
began to opeiate on eveiy suigical case he felt competent to undertake, many 
of these opeiations being perfoimed 111 pnvate houses, because the patients 
weie geneially pool and prejudiced against hospital tieatment He estab- 
lished a suigical clinic at the Pittsbuigh Fiee Dispensaiy, wdieie his first 
public suigical woik was pei formed 

In these eaily yeais he seived foi a bnef time on the stafif of the Alle- 
gheny Geneial Hospital, but, in 1891, when he was appointed Surgeon to the 
Meicy Hospital, his leal life woik began, foi he seived that institution faith- 
fully and continuously from that time until lus death In 1921, he w'as ap- 
pointed Chief Suigeon and Chief of the Geneial Staff Aside fiom lus work 
at Meicy Hospital, he found time to oiganize the Surgical Depaitments of 
the Pittsburgh Hospital and Columbia Hospital, acting as Chief Surgeon of 
the foimei institution foi nine yeais, and the lattei foi six yeais 

His teaching caieei began m 1901 with lus appointment as Professoi of 
Suigeiy and Clinical Suigeiy in the Western Pennsylvania Medical College 
now the Medical School of the University of Pittsburgh, and continued vhfi 
a brief intei val until 1936 It is impossible to estimate the influence of h is 
teaching on the development of suigery in western Pennsylvania 

Doctor Buchanan’s influence extended to the field of medical literature, to 
which he w^as a fiequent contributor of papers on surgical subjects In 1886, 
he collaboiated in the publication of the Pittsbuigh Medical Reviews with the 
watchword “No seciet piopnetary 1101 Trade-Mark medicines advertised m 
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this journal ** Rathci than In calc this lule, the echlois made up the deficits 
mcuued in its publication fiom then own scanty earnings This journal latei 
became the duect piogemtoi of the Pennsylvania Medical Journal, the piesent 
oigan ot the Medical Socict\ of Penns\ Ivania The Libiaiv of the Pittsbuigh 
\cadeim of Medicine was an outgiowth of the Pittsbuigh Medical Libtary 
which Doctoi Buchanan oigam/cd in 1891 He was actncly interested also in 
the Libian ot the Meicv Hospital, and fosteied its use among the Staff 
membei s 

Doctoi Buchanan was an indefatigable wotket «md a discipline lan, main- 
taining Ins muicst and supei vision of the aft an s of the hospital until he died 
His enthusiasm and unswenmg final!} to the ideals of the piofession. Ins 
masien ot detail and his keen sense til liunioi combined to make lnm an 
ideal tcachei and adinmisti.itoi He was a tine fueiid whose counsel and 
aducc weie '•ought In his pioftsstonal butliun. Noting and old His gieatest 
iela\aiion was to pou o\ti old books on special subjects in which lie was 
intuc'-ted, pat tic ninth \ei\ old medical woiks Mthough lie had no liohln , 
lus gieatest pastime \eas motoung to new places 

Doctoi Buchanan was a chattel membei ot the Intel national Society of 
Mu get \. and 111 ton was elected to Fellowship 111 the American Suigical 
\ssociation He nn.is a toundei and hie member of the Ameiican College 
of Sut genus sen mg on the Boat d of ("fin cu not s continuous!} fiom 1 Qi 6 until 
lus death lie was also a membei of the Committee of Standaids from Pcnn- 
s\l\anu tiom 1916 tluough 1020, and of the Penns} Kama State E\ecuti\e 
Committee winch he seated as (. h.iuman I11 the late 8o’s and eatl} 90 s Doc- 
toi Buchanan was Kccoiding Vcictan of the Alleghem Count} Medical 
Soviet} and m 1 920 was its Piesulent 

Besides his wife, Pllen Guci Buchanan, whom he man ted on June 30 
1887 he Hates two sons to cam 011 the suigical and professional tiadilions 
of the famiK Dt fi' P Buchanan, a smgeon at Mercy Hospital, and John G 
Buchanan, a piomniciil Pittsbuigh attoine*} 

In lanu.UN 1036 Doe tot Buchanan’s colleagues and membei s of \anotis 
erne gmups joined to pa} tubule to him as one of Pittslniigh’s most useful 
and public -spoiled citizens \t the testimonial dmnei gnen in lus honot, he 
spoke the words which best esptessed lus hlelong ambition which lie fulfilled 
so well 

“It will be the pude of im life if, when I pass, I shall len\e a cotcnc of 
men whose natuial abilities I have been able to shape in a suigical wav I 
know of no lughei compliment to am man than the appuwal and good will 
of the fellows of lus ciaft” 

OiioC Gauh 
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Quiet, unassuming, fuendly, with a genuine and aleit interest in his pro- 
fession and life and a kindly judicial tempei ament given but to a chosen few, 
Allen Buckner Kanavel’s memoi) will continue to exeit his influence upon 
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suigical thought and proceduies The contribution he chose to leave to stir- 
geiy above all else was the surgical training, the stimulus and intei est m sur- 
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orjcdl piogiess lie was able to pass on to Ins voungei associates 1 Ins, he felt, 
would live on aflei olhei mote scientific tonti ibutions had passed 

1 he '■on of a Methodist tnnnsler. Doetoi Kanavtl was boin Scptcmbei 2, 
1874, in Sedgwick Kansas \ttei giadualtng 1 10111 the college of hhetal .mis 
.it \01thw extern LmveiMtv, he enteted the medical school and was giaduatcd 
with hotioix, 111 j8qq lie '.pent a\ months in Vienna in postgiaduate stud}, 
and then cnteicd the Cook Count} Hospital loi Ins internship Immediatcl} 
thcicattci he became associated with the depai linent of suigen at Noith- 
w extern Uimeisitc Medical School and icmamcd a liiembei of its suigical 
facult} to the time ot bis ttagic death 

He was itnpiesscd call} 111 his suigical cauci. with the unceitam and 
hapha/aid neat me ill given to patients with infections ot the hand Aftet 
ten \cais 01 patient, meticulous stuck of the anatom} ot the hand and the 
piosecution ot a wholk ongmal method of imcstigatmg the tendon sheaths 
and fascial spaces ot the hand he published a monogiaph on the subject, m 
1912 1 his woik ie mams todav as Ins most impoitant eonti ilnition to sut- 
gical science and ailoids a bisis tot oui piesent and Hume knowledge of the 
clYioicnt eaie ot tins common and otten xmouslv disabling condition it is 
gi\en but to a few to mike such a tundamental addition to suigical knowledge 

1 low cm 1 he was mtiodmcd into .1 suigical piacticc be foie the d.u ot 
suigical specialism and was kcuih lnteusted in abdominal liemologie tln- 
toitl and plastic sutgo} In at least two ot thest fields he was a pioncei in 
Chicago and tluough his inkiest and help stimulated those who came 111 
contact with him to canv on the toicli he handed them 

Fi om the inception ot Smgcn (>\necolog\ and ( )bstcti ics he was close!} 
associated in its development and continued to clnect its activities Its con- 
tents speak tai mine cloqucntlv than vvoids of the time, ciToit and thought 
lie gave to it as associate cditoi and editor lie stiovc to make it a vital 
torce 111 aiding the piactitioneis of suigen in Amciica those men not asso- 
ciated with teaching cetitcis to keep ahieast ot the tapid changes conslantlv 
going on 111 suigical piacticc 

Apait fiom the uspect and adnmation his suigical ahilil} and judgment 
commanded, he was loved foi Ins constant adheience to the pi meiples of lus 
philosopln of life lie was (juiek to iceogm/e and listen to the opinions of 
otlicis legal dless of then station 01 age He was a gieal belicvei in the 
adage that tunc heals .ill difficulties and, theicfoie, avoided eonti oveisv , vet 
when dilatoi\ tactics, hi ought about In diilei cnees of opinion, thicatencd a 
])atient’s vvelfaie he was quick to act and assume full lesponsibiht} foi Ins 
judgment He had a simple, homely, chaiming mannei , a shicvvd common 
sense which transcended a 11101c extensive complicated scientific theoietic 
knowledge, and an unfailing couitcsy and kindliness He had a genuine 
interest in people, pai liculai ly the young men m medicine, and he was quick 
to lecogm/c and to levvaicl met it, without thought of lus own pcisonal fm- 
tunes or ambitions With many mteicsts outside lus piofession lie was able 
to devote himself 111 lus latci ycais to then development These mtcicsls m 
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geology, astionomy and books weie a pait of his plan of life formulated 
many yeais befoie Ins actual retnement fiom the piactice of suigery, although 
he nevei lessened his intei est m the advancement of suigical thought and 
teaching Occupied throughout lus life by an intensive study of obvious and 
practical suigical piocedures, he stiove to advance the frontieis of medical 
knowledge, to emphasize that an unselfish seivice to humanity, personal and 
piofessional honesty, the desne to seek new tiuths, mdustiy, bioad culture, 
judgment and imagination, even moie than technical efficiency, aie the qualities 
to be desired by every surgeon, worthy of the name 

With a mind filled with ideals, a soul possessed of kindliness and a sym- 
pathetic undei standing of all human fiailties, he leaves behind him a well- 
spent life, an example for youngei suigeons to emulate and to those of us 
who loved him, a memory to be leveled 

Loyal Davis 
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From the Dean of the College of Plnsicians and Smgeons, -when Doctoi 
Blake Mas Piofessoi of Suigen, comes this lcttei 



Josn h Augustus JJiakf, M D 
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“Joseph Augustus Blake was boin in 1864 in California where his father 
was seiving as state geologist Latei, when the family moved to New 
Haven, he natuially, following in his father’s footsteps, graduated fiom 
Yale College in 1885 He then spent a year 111 the laboratoiy of Russell 
H Chittenden and, equally natuially, devoted most of his time as a medical 
student 111 the anatomical depaitment of the College of Physicians and Sur- 
geons, wheie he giaduated as M D in 1888 

“His bent was distinctly scientific by inheritance, envnonment and edu- 
cation He served as intern m St Luke’s Hospital and by 1890 was an 
attending suigeon 111 St Luke’s and Hailem Hospitals He continued to 
develop the scientific featuies at the college, as a demonstiator under the 
leadeislup of the distinguished anatomist Geoige S Huntington, and always 
made an academic backgiound to his surgical career He was assistant to 
William T Bull and latei full attending suigeon at Roosevelt and Presby- 
tenan Hospitals wheie he helped to advance the instruction of undergi aduates 
into the suigical waicls 

“Doctoi Blake always took a bioad and catholic view of medical educa- 
tion and hospital development It was he who first suggested the present 
site as the best foi the newly oigamzed medical center combining the Pres- 
bytenan Hospital and Columbia’s College of Physicians and Surgeons 
“Doctoi Blake as a suigeon showed a complete development of the 
ti amed physician His poweis of diagnosis weie exact and thorough, both 
in his methods of eliminating internal medical diseases and 111 differentiating 
an existing suigical condition He always staited his opeiations with a 
definite diagnosis and discarded the easygoing habit of many colleagues to 
make his surgical diagnosis with his knife As a teachei he presented his 
material in a cleai and complete foim and left his students to catch up with 
him He never approached lus subject at then level but usually left it higher 
than they could reach without pei sonal and individual study on their part ” 

Samuel W Lambert 

Doctor Biewei, closely associated with Doctoi Blake in then piofessional 
and educational careeis, wntes as follows 

“As a wise and geneious colleague, a helpful and intelligent co-worker, 
a gifted and lesouiceful surgeon, and, as an intimate and loyal friend, I 
have known Di Blake, esteemed and admired him foi fifty years 

“By a singulai coincidence, our piofessional lives exhibited an unusual 
parallelism Foi nine years we served together as Assistant Demonstrators 
of Anatomy in the College of Physicians and Suigeons Both were trans- 
fened on the same day to the Suigical Department, as Instructois in Clinical 
Suigery Both passed through the vanous intei mediaiy giades, eventually 
to become Piofessors of Suigeiy in the same institution 

“In hospital positions we also followed similai lines After serving as 
Assistant Visiting Suigeons, he at St Luke’s, I at the City and at Mt Sinai 
Hospitals, we both weie appointed on the same day as Junior Surgeons 
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to the Roosc\dt Hospital he on the second dnision with l)i Bull, T on 
the lust with Di Wen On the letnement of Dt Bull and Di Wen, we 
both wcie advanced to the innk of bcmoi Smgcons Also we both seivcd, 
hut at diftcient peuods, as \ttendmg Smgcons at the Piesbytcnan Hospital 

“Dining the Woild W ai we both acted as \oluntai} smgcons in Fiance, 
he as \ttending Suigcon to the \meiuan \inbnlance at tlie Lxcee Paslcui 
m Pai^ 1 at Hospital B, at lmlK S et M about 30 kilonieteis noith of 
Pat is 

' \ttei the United States enteted the Wai, we both weie commissioned 
and sci \ id in the \ F 1*' as opuatmg smgcons 111 unions mihtai) hospitals, 
and at a late 1 pound as Consultants At the uni of the Wat each of us 
t clued with the lank of Colonel 

‘ Doitm Blake m.uk mam impmtant vontnbutions to smgical htciatme, 
tending hi' woik in ilunial smgen lcsiaich in the laboiaioix of ex-pen- 
mcntal smgiix, and in sm glial pathologx 

* \s a diligent student and obsuxci, a clcxei and mcehamealh -minded 
technician hi oiigmalul hettei methods of appioach 111 deep seated lesions, 
111 w and ingenious methods of axoiihng. lessening and Heating smgical 
shoik Ik im ented new mstimnints and deuces to shot ten and make safer 
opiratixe piocedmis 111 giaxelx dehilitated and handicapped patients 

‘His wi't* and '.mi indgmcnt his unusual diagnostic skill, Ins tianspaicnl 
honestx and pleasing pusonaht} won toi him main fnends and hi ought, to 
him main patunls of .ill classes as well as mam piofessional colleagues who 
iched upon him tot help tu meeting then difficult and often oliseiuc problems 
1 hose quahtiis and his outstanding eaih successes placed him 111 the foiemost 
iank ot \muican smgcons 

‘I li.nc alixaxs felt as ha\e many of lus othei fuends and associates, a 
sincere regret th.it Di Blake did not publish m full an account of lus long 
experience m mihtai x smgeix 

“Fntenng the setuce of the Amcucan '\mlmlauee m Pans, a few weeks 
aftei the beginning of liostdities, he sened continuous]) and without mteit up- 
turn until the end of the \\ .11 

‘His expei lenec 111 the* tieatmcnl of battle casualties was piobabh laigei 
and 11101 e extensile than that of am othei Amentan suigcon Realising as 
he did the disastioits lesults which followed the plan adopted by the mihtai \ 
authoiitics dining the call} months of the Wai, of ti .importing the gieat 
majontv of the giave mjunes to hospitals in the icai, often icquumg sexcial 
da} s without smgical tiealment, 01 with the most inadequate piocedmes at the 
first-aid 01 tempoiai) diessings stations, the gi ave infections such as those by 
the sti eptoeoecus, gas-pi oduemg oigamsm, tetanus, etc , as well as the exten- 
sive gangiene that followed delay, wdiete important blood vessels xvcie nijuicd, 
01 impeded cn dilation wdueh lcsultcd fiom lomniquets 01 constiictmg band- 
ages , as well as the added ti auina pi oduccd b} unii cated 01 badly splinted fi ac- 
turcs of the cxtiemities , led him to use all his influence to change these unfoi- 
tunate conditions, to those in wdueh such giave mjunes could leceive definite 
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and adequate suigical tieatment befoie ti anspoi tation to the hospitals at the 
leai, a plan which was later adopted by all the Allied Armies 

“A record of the many and gieat advances which he made and advocated, 
especially in the tieatment of such giave conditions as compound and gravely 
infected fiactuies of the extremities, the changed and more scientific methods 
he devised and employed m injuries of the abdominal, pleuial, and cranial 
cavities, as well as the various changes which he made in splinting, extension, 
and postural apparatus, would all be of the greatest seivice to mihtaiy suigeons 
in any future war 

“Wholly apait from our piofessional relations, I always found Dr Blake 
a charming and delightful companion on vacational exclusions Oui common 
love of the woods, mountain climbing, fishing and hunting, brought us togethei 
on many occasions, and I shall always cherish and lemembei with unalloyed 
pleasure our outings together in the Adnondacks and m the Canadian woods ” 

George E Brewer 

Di Walton Martin assisted Doctoi Blake on his staff at Roosevelt Hos- 
pital as an Assistant Attending Surgeon They weie an extiaordinanly gifted 
pail to work foi Writing “of him as I knew him in the days at Roosevelt 
Hospital,” he states, 30 odd yeais latei, that he was “the gieatest suigeon I 
have ever come in contact with ” 

Walton Martin 

Dr William C Claike, aftei completing a suigical internship in the New 
Yoik Hospital, where he woiked with many of Doctoi Blake’s suigical 
seniois and contempoianes, taught histology at the College of Physicians and 
Surgeons He soon came to see the importance of the micioscopic study of 
the tissues in suigical diseases and gave his life to it It is unnecessary to 
wnte of his conti lbutions to Suigical Pathology, foi he was its pioneer 111 the 
“P & S ” under Doctor Blake This inspiring teacher pays his tribute 

“In an association of over forty years with the medical men of the College 
of Physicians and Surgeons and seveial hospitals associated with the College, 
fiom the last years of Stimson, Haitley, Bull, Wen and McBurney, to the 
present, Dr Joseph A Blake stood out, preeminent There were reasons 
Tiuth was the basis foi his evaluation of clinical evidence, not human emotions 
He lately was wrong in a diagnosis His surgical judgment was refened to 
as supeib Gifted technically, with the ability to execute ably, his surgical 
results weie of the best At the same time raised m the highest ideals of his 
profession, he was ‘a real doctoi,’ and his patients had deep respect foi, and 
confidence 111, Ins opinions, ability and judgment 

“Last summer he had built what proved to be Ins last shop for Ins wood 
working tools ‘Down East’ m Maine he personally packed those much loved 
machines and tools and with equal care unpacked them in then new home m 
Litchfield There weie thirteen machines, and two thousand and five tools by 
actual count Some of them he had devised himself and many he had actually 
made 
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“] jk'\ci leniembei Ins lesoitmg to the so-called ‘chiTeiential diagnosis 
method as a pioeeduie, in winch the composite of main patients aie invoked 
haMng no connection with the single patient hcfoic him He was a leadei of 
ewdencc m the patient hcfoic him An unusual accuiacy of vision of what 
happened m liwng man caused people to saj it was intuitive and, indeed, he 
seemed unconsciously awaie that a patient did, 01 did not, ha\e appendicitis, 
01 caicmoma 01 some olhei such disease Once lm mind w\as made up, he w r an- 
deicd little m piobabilities — he acted 

‘ lie was a loxet of natuie a biologist, a phxsician, a suigcon, and always a 
true scientist 

William C Clarkl 

Doctoi Russell knew Doctoi lllake as an assistant and associate in Ins 
surgical pi notice He w 1 ites as follow s 

"M\ association with Di Blake was, foitunateh foi me, aicij happy and 
uistiuctnc one He was m\ quiz mastei in anatomy, dunng which time I acted 
as his piosectoi 

“Fiom ic)oi to i<)i 2 I was closely associated with him in Suigctv He 
combined to my wa\ of thinking niou things ot the mastei suigcon than any- 
one it has been my lot to know \ gie.it anatomist, a good pathologist and a 
ical physicist added to this he possessed a \nst knowledge of stngeiy, and he 
had that gieat gift lodgment ot what to do and when to do it ‘Coin Field 
sense’ m rugged teims — an imaluable asset lie had an mspuation foi plan- 
ning new opciations and applying them at the piopei time lie was a gieat 
tcachei one of the gieatest, m lus wax of impaiting knowledge, one had to 
listen and absoib, toi he ncwci lammed his opinion down one’s throat 

“I ha\c always thought of him as one of the gieat suigeons of Inspire 
Last spnng he made Stugical Rounds with me at the Roosexelt Hospital, on 
the Semce he had headed with distinction foi main yeais, and he was as 
keen and as mteicslcd as of old " 

1 AMI'S I Russr-Lr 

Doctoi Whipple now holding the Piofcssoi ship of Suigciy Doctoi Blake 
held wdicn he fust knew lum was appointed to the Picsby tci lan Hospital and 
the P & S teaching staff In Doctoi Blake, and knew his quality as an educator, 
smgeon, and a fuend, as few e\ci did 

“Of the many outstanding qualities that chaiactei iml Doctoi Blake as a 
suigcon’s suigcon, the one that stood out constantly was his foitlnight honesty 
He was ahvays his owm scveiest cnlic and w'oulcl point out his enors in 
judgment and technique to us, lus admuing appi entices, wduch we nevei 
w r ould have noticed had he not called oiu attention to them His influence ovei 
the youngci gioup of suigeons walking with him was peimanent because w'e 
all knew he said what he meant and meant wdiat he said Theie is no doubt 
in my mind that Ins example in this i cspect played the gi ealest pai t in setting 
a standai d of fairness and of tugged honesty in lus depaitment, m Ins hospital 
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and m his suigical seivice which has stamped eveiy suigeon who had the pnvi- 
lege of training undei him and woiking with him It was and is a mark of 
distinction to be known as a Blake man ” 

Allen O Whipple 

Suigery, fiom 1904 to 1914, that I knew was intimately associated with 
Di Joseph A Blake So subtle aie the essential ti aits that make a preeminent 
human chaiactei that they well nigh baffle descnption To be asked to wnte 
of him bungs difficulty with the honoi 

By hentage and enviionment, he had an inquisitive, scientific interest 111 
the tiuths of nature Like an aitist, he was intensely sensitive to impressions 
As a genius, he used them to human advantage m a careei that was once 
described as a “daily duel with death ” He saw with Ins eyes and felt with 
his fingeis what other men couldn’t He thought cieations and saw essentials 
that othei men didn’t 

But theie was moie than that 

There was manual skill and a love foi it Head and hand went hand 111 
hand and the woik of bis hands seemed eloquent Those who watched, and 
the students he taught, thought so 

Simplicity dominated Essentials weie his aim It Avas the point that 
matteied that counted with Blake Seldom, in the nature of one man, have 
veisatility and simplicity been so combined Many a life lost in complexity 
was saved by this simplicity 

An “extraoi dinarily puzzling waid case” was once sunounded by an 
exti aoi dinai lly puzzled ciowcl of visiting suigeons fiom other paits of this 
country and Europe An unusually capable intei n had seemingly coveied every 
possible detail of the patient’s recoid in elaboiate detail It Avas painfully 
evident that the case lemained a mysteiy to the great gioup of illustrious 
clinicians Every sort of suggestion had been made Finally, it Avas Blake’s 
turn He asked tAvo simple questions The patient said “yes” and then said 
“no ” The mysteiy Avas solved and everyone knew the ansAver 

Suigeiy seemed so simple AAdien he did it that it Avas almost dangerous 
foi young students to Avatch him It looked so easy To the initiated, it Avas 
inspiring Those who helped him kept many choice memones May I tell 
you one ? 

Thirty yeais ago abdomino-pei meal lesections foi rectal cancel Avere not 
done as frequently, noi successfully as today Blake did almost 20 in a ioav 
aa ith no deaths But there Avere many hard battles Some shoAved AVisdoin 
and couiage ahead of his tune — indeed noteAvoithy, any time A difficult one 
Avas finished, aftei three houis’ AA^ork, one Saturday Pehuc floor closure Avas 
difficult and deep Sunday noon there Avas Amounting and all Avas by no means 
aa ell It took couiage, plus Avisdom, to open the Avound and lift a prolapsed 
loop of gut out of the pelvis — 30 hours after so serious an initial proceduie 
But he did it and the man got Avell 

Feiv kneiv more than he of camping trips, fishing tackle, farm problems, 
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shotguns bud dogs, wild animals and natuial phenomena of vaiied soil Few 
shots ot his went wild lie could hag most buds with least powdci, noise and 
smoke A meet) of skilled technic enabled him to mend motoi cais, nucio- 
scopes and men 

Theie was gieat kindness ot heail tow aid patients Dceph attached, grate- 
t ul and lotal then boasted of what he had done foi them Doctois besieged 
bun wealth wanted linn hut a meticulous, peisonal attention to “ward diess- 
mgs was consjiit nous The sick pool weie his dc\oted fncnds 

\\ hethci pentonitis hennae anatoim of the hi am , bowel suigei) lung, 
pletua and heait pioblems, wai wounds 01 fiactuies will be most associated 
with Doctm Flake's name makes no dirteience lie ga\e the touch of Midas 
to them all 

lIlK.H \UC1IINCL0SS 
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1871-1937 

Dr Robert B Greenough, a member of the Amencan Surgical Associa- 
tion since 1911, died suddenly fiom cauhac disease Febiuary 16, 1937, at 
the age of 66 
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Doctoi Gi eemwgh w.nboin in 1871 in Cainbiidge, Massachusetts He al- 
ia ed Han aid College, giadunling, cum laude, 111 1893, anf l weened the de- 
<41 ee of M D, cum laude, fiom the Medical School 111 1896 He completed 
Ins medical education house oftlcei .it the Massachusetts Gencial Hospital 
and lata studied 111 Vienna wheie he hecame paiticulaily mteiestcd in tumoi 
pathologc , and although piimaiilv a suigcon. tins undoubted!} laid the foun- 
dation fot his interest 111 cancel 

On his 1 etui 11 to Boston lie hccanie the assistant to Di John Collms Wai- 
ien, which position he held until his apjiouitmenl to the Suigtcal Stall of the 
Massachusetts t,eneial Hospital He sened the Hospital in \anotis positions 
until 1031 when he ictiied with the tank ol \ isitmg Suigcon to become a 
mcmhei of the Consulting Staft 

Dm mg the Woild \\ ai he went to hi ante with the Fust Ilan aid Unit 
as Suii’ton and e\ecuti\e ofttceis at the \1ne11ca11 \mbulance m 1915 Aftei 
the alliance ol the L tilted States in the w.ti he was appointed Lieutenant 
hommandei and was 111 chaise of the Su1141c.il Sen ice at the Naval Hospital 
in UieLea 

lie was actneh connected with the Han aid Medical School, 1 earning the 
appointment ot \ssistant in Suigen in 1901 and \ssistant Professoi 111 
1910 which position he held until 193 1 

Ills cMctitne nhilitc was ucogni/cd In all and he w.is called upon to fill 
mam u sponsible positions \mong the positions held In him the following 
may he mentioned 

Ihesidcnt. \mciican t ollege ot Sutgeoiis, 1934-1933 
1 *1 c side nt. Massachusetts Medical Soeietx, 1929-1931 
lhesjdent. Boston Smgical Soeicts, 1928-1930 
Stuet.m \1ne11tan Stngical Association, 1922-1926 
Ihesidcnt \mcntan Souetc loi the Conti ol of Cancel at the tune of Ins 
death 

'1 he Much of Illinois mac he said to hace been his lile’s woik and his fust 
conti lhution to liteiatuie, Phnninei s Bodies in Cancel, ccas published in 1901 
When Doctoi Gieenough became .associated with Doctot W'aiten, the lat- 
tei was Co-'lmstee* with Doctoi Ohcci of the Caiolmc Biewei Cioft Fund 
foi Cancel Rese.uch In 1909 this fund was combined with olheis and placed 
m the hands of the Cancel Commission ol Han aid Umveisit) Doctoi 
Gieenough was appointed Secietaiy of the Commission T11 1912 he took 
an aclne pari in the building and oigam/alion of the staff of the Collis P 
Huntington Memonal Hospital fen Cancer Kescaich, and acted as Dnectoi 
of the Commission and Suigeon to the Hospital fiom 1915 to 1929 While 
lecogm/mg the value of leseaich woik he saw no icason win membeis 
of the piesent geneiation who might be sufteimg fiom malignant disease 
should not ha\e the advantage of the best known diagnostic facdittes and 
treatment The Consultation Cancel Clinics dec eloped undei him at the 
Huntington Memonal and Massachusetts Geneial Hospitals have saved as 
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models for those advocated by the Amencan College of Suigeons and uni- 
vei sally adopted thioughout the countiy 

Besides his piofessional ability as a surgeon and executive, he had the un- 
usual faculty of making no enemies If discussion arose in a committee or 
othei meeting he would considei fairly the dissenter’s point of view and 
bung the mattei undei discussion to an amicable settlement satisfactory to 
all concerned 

Outside of his piofession he was a delightful companion and had a host 
of fi lends It was the wntei’s pnvilege to have known him and his family 
intimately, and a tup 01 vacation taken with him was a delightful experience 
His death has been keenly felt by his medical colleagues and his many 
othei friends 

Channing C Simmons 
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OBSERVATION'S OX TIIE MODI-: OF ACTION OF SULFANILAMIDE 
YND ITS APPLICATION TO SURGICAL INFECTIONS 


.Tons S Lockwood, M D 

Pun \di trim, Pc 

I mm Tilt Hi Ilf IC \l JIUTIIIIOLM T MflO||\TO!n ni Till II\imiHt)N Dll MITMINT Ol M WIICU III SI MICH SCHOOLS 
111 \1I I»H IM tsntllMTl Ol |ISNH1|\\\M I fill \l)l I I If I S l\ 

The m-R'Ovi.kv of the effectiveness of sulfanilamide m hcmolvtic Slrep- 
tococcus infections lias icopenecl the entiie field of chemothei ap) in hactenal 
diseases It is now gcncialh lecogm/ed that sulfanilamide tlieiap), piop- 
eilv conducted, will filing about a high pciccnlage of cuics in many types 
ot invasive infection and septicemi.i which until this chug was introduced, 
had been almost timfoimh fatal 'The suipiising lesults of sulfanilamide 
thciapv ha\e created new pioblems toi those mteiestcd m fundamental aspects 
of the control ot bacterial unasiou The lessons which maj he learned 
tluough an mtensne study of the mechanism of sultamlamidc action mat 
find widespiead application to othei chemothei apcutic ptohlems lumber 
progress m this field is dependent upon a dealer undet standing’ of the mech- 
anisms In which the chug influences bactena, and a moie comprehensive 
knowledge of its toxic sidc-cflccts 

Since this new tvpe of theiapv has picnidcd the suigeon with such an 
efficient weapon in the prevention and conti ol of ccitam lapidlv imasne in- 
fections, it is piopei that lahoi atones of suigic.d lesearch concern them- 
selves with the fundamental pioblems which this new theiapv has opened 
Expei iments which we have conducted in the Dcpai Invent of Suigical Re- 
seaich at the Umversit) of Pennsvlvania ofici, we believe, an ansvvci to some 
of the perplexing problems which now con fi out us, and, m addition, provide 
a lational basis for the use of the chug 

Expo mtcntal Ob sennit ion v — The fundamental obseivations of Mai shall 
and of Colcbiook, and then covvorkeis. aie of the gieatest lmpoi lance to 
an) one interested in this field Mai shall 1 has demonstiated that sulfanila- 
mide is quickly absorbed when administered eithei 01 ally 01 paienleially, 
and becomes disliibuted with suipiismg unifoimity tluoughout all the tissues 
and body fluids It is vapidly e.xcictcd by the noimal kidney, much of it in 
unaltered foim By lepeated dosage of the cling, at shoit mtei vals, an 
equihhiium can he established in which the level of the drug m the blood and 
tissues remains fairly constant These pharmacologic studies have supplied 
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the basis for the scheme of dosage now generally employed in practical 
therapy The blood level of sulfanilamide must not drop below the thera- 
peutically effective level until after the infection is controlled, or cured, if 
reactivation of infection is to be avoided The optimum level for treatment 
of severe cases seems to he between 5 and 10 mg per 100 cc of blood 

Colebrook, 2 by finding that concentrations of sulfanilamide in blood of 
between 5 and 10 mg per cent provided the blood with a high capacity to kill 
Streptococci 111 vitro, made a significant contribution to the understanding of 
the mode of action of sulfanilamide In his experiments it made no funda- 
mental difference whether the sulfanilamide blood was obtained from a 
treated patient, or through the addition of the chemical to normal blood 
Some time before the introduction of sulfanilamide, Hare 3 had discovered 
that recoveiy fiom severe hemolytic Streptococcus infection was always 
accompanied by a maiked mciease in the bactericidal titer of the blood against 
the organism Thus Colebrook’s observation that sulfanilamide induced a 
streptococcidal activity in blood could reasonably indicate that the absorption 
of the drug by the body tissues endowed them with resistance to Streptococcus 
infection similar in its effects to that occurring in the tissues of the patient 
convalescing from an active infection which had been overcome through nat- 
ural immune processes 

Our studies were piompted by the hope that an understanding of the 
mechanism by which blood containing sulfanilamide kills Streptococci in 
the test tube might provide a basis for explaining the action of the drug 
against organisms in the tissues and cuculating blood 

Tcclinic — We have made the effort to provide experimental conditions 
which w r ould resemble tissue conditions during invasive infection as closely 
as possible Hemolytic Streptococci of a vnulent strain were grown for two 
hours in a medium containing 20 per cent of horse serum This permitted 
testing the effect of the drug on young Streptococci m the encapsulated form, 
which W ard and Lyons 4 have shown to be the most highly resistant to the 
dcstriictice action of phagocytes Moreovei, it is quite possible that these 
loung oiganisms, grown in sei urn-rich medium, resemble more closely than 
older organisms the rapidly multiplying Streptococci which are active m m- 
\asne tissue infection The Streptococci w^ere separated from the horse- 
scrum-peptone culture medium by centrifugation and resuspended in human 
sei um before adding them to the test blood This w^as done in order to 
a\oid the addition with the organisms of tiaces of the original culture medium 
Blood was freshl} obtained from the same normal human subject for each 
experiment and defibi mated with glass beads Mixtures of wdiole blood, or 
its serum, and sulfanilamide, 10 mg per 100 cc , were prepared in small 
test tubes I or each tube containing sulfanilamide there w r as a correspond- 
ing conti ol tube from which the drug was omitted, wnth all other experimental 
conditions identical The Streptococci w r ere then added in equal numbers 
to each of the tubes which were then sealed and rotated slowdy on a mixing 
machine in the incubator at 37 5 0 C At suitable intervals the tubes were 
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opened and, by making blood-agai pour plates of o i cc of the contents, 
deteimmations weie made of the number of living oigamsms in each mixtuie 
Chait i is a loganthmically plotted iepiesentation of the population ciuves, 
which demonstiates the effect of sulfanilamide undei expenmental condi- 
tions m vi t) o 

G> oivth of Stieptococci in Whole Blood — The mciease in population of 
hemolytic Stieptococci in sulfanilamide-free whole blood pioceeded rapidly 
f i om the stait of incubation, so that in foui hours there weie about ten times 
as many oigamsms as at the beginning of the expeument Smear studies at 
this time showed that active ingestion of many oigamsms by phagocytes had 
taken place, but phagocytosis under the conditions of the expeument was 
incapable of bunging about moie than a tiansient 1 eduction in the rate of 
multiplication In 24 horns complete hemolysis of the blood had taken place 
and the bacterial population had increased to many millions This level was 

Control 



Chart : — Comparison of effect of sulfanilamide on Streptococci m whole blood and m serum 
Logarithmic representation of bacterial population m o i cc at intervals indicated Interruption of 
lines above Log 6 o signifies growth to “infinity,” t c , the number of colonies too great to count 


too high to permit dnect counting of the colonies on the plates, even with the 
aid of the microscope 

When io mg per ioo cc of sulfanilamide was present, a lapid trend 
toward stei lhzation developed which was clearly defined even at four hours 
Thereafter, the course of the population curve was related to the initial num- 
ber of organisms implanted The bloods containing the smallest starting 
population were sterile within 24 hours The blood with the largest inocula- 
tion showed temporary reduction of the number of organisms, but steriliza- 
tion did not occur In fact, following the low point of population in this 
tube, which was at 24 houis, progressive outgiowth of organisms ensued 
The blood became hemolyzed, and the final level of bacterial growth was 
identical with that in the sulfamlamide-fiee controls 

Discussion — In considering the significance of this experiment it is ap- 
parent that the possibility that phagocytosis is an active participant in the 
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the basis for the scheme of dosage now generally employed in practical 
therapy The blood level of sulfanilamide must not diop below the theia- 
peutically effective level until after the infection is controlled, or cured, if 
1 (.activation of infection is to be avoided The optimum level for treatment 
of seveie cases seems to lie between 5 and 10 mg per 100 cc of blood 

Colebrook, 2 by finding that concentrations of sulfanilamide in blood of 
between 5 and 10 mg per cent provided the blood with a high capacity to kill 
Stieptococci in vitro, made a significant contribution to the understanding of 
the mode of action of sulfanilamide In his experiments it made no funda- 
mental difference whether the sulfanilamide blood was obtained from a 
treated patient, or through the addition of the chemical to normal blood 
Some time before the mtioduction of sulfanilamide, Hare 3 had discovered 
that recoveiy fiom severe hemolytic Streptococcus infection was always 
accompanied by a marked mciease in the bactericidal titer of the blood against 
the oigamsm Thus Colebrook’s observation that sulfanilamide induced a 
streptococcidal activity in blood could reasonably indicate that the absorption 
of the drug by the body tissues endowed them with resistance to Sti eptococcus 
infection similar in its effects to that occurring in the tissues of the patient 
convalescing from an active infection which had been oveicome through nat- 
ural immune processes 

Our studies were piompted by the hope that an understanding of the 
mechanism by which blood containing sulfanilamide kills Streptococci in 
the test tube might provide a basis foi explaining the action of the drug 
against organisms in the tissues and circulating blood 

Technic — We have made the effoit to provide experimental conditions 
which would resemble tissue conditions during invasive infection as closely 
as possible Hemolytic Stieptococci of a virulent strain were grown for two 
horns in a medium containing 20 per cent of horse serum This permitted 
testing the effect of the drug on young Streptococci m the encapsulated form, 
which Ward and Lyons 4 have shown to be the most highly resistant to the 
destructive action of phagocytes Moieovei, it is quite possible that these 
joung organisms, grown in serum-rich medium, resemble more closely than 
older oiganisms the rapidly multiplying Stieptococci which are active in 111- 
\asne tissue infection The Streptococci weie separated from the horse- 
serum-peptone culture medium by centnfugation and resuspended in human 
serum before adding them to the test blood This was done in order to 
avoid the addition with the organisms of traces of the original culture medium 
Blood was fleshly obtained fiom the same normal human subject for each 
experiment and defibrmated with glass beads Mixtures of whole blood, or 
its serum, and sulfanilamide, 10 mg per 100 cc , were prepared in small 
test tubes For each tube containing sulfanilamide there was a correspond- 
ing control tube from which the drug rvas omitted, with all other experimental 
conditions identical The Streptococci were then added in equal numbers 
to each ot the tubes which were then sealed and rotated slowly on a mixing 
machine in the incubator at 37 5 0 C At suitable intervals the tubes were 
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opened and, by making blood-agar pour plates of o i cc of the contents, 
determinations were made of the number of living organisms in each mixture 
Chart i is a logarithmically plotted representation of the population curves, 
which demonstrates the effect of sulfanilamide under experimental condi- 
tions m vitro 

Growth of Streptococci m Whole Blood — The increase in population of 
hemolytic Streptococci in sulfanilamide- free whole blood proceeded rapidly 
from the start of incubation, so that in four hours there weie about ten times 
as many organisms as at the beginning of the experiment Smear studies at 
this time showed that active ingestion of many organisms by phagocytes had 
taken place, but phagocytosis under the conditions of the experiment was 
incapable of bunging about more than a transient reduction in the rate of 
multiplication In 24 hours complete hemolysis of the blood had taken place 
and the bactenal population had increased to many millions This level was 

Control 



Chart i — Comparison of effect of sulfanilamide on Streptococci in whole blood and in serum 
Logarithmic representation of bacterial population in o x cc at intervals indicated Interruption of 
lines above Log 6 o signifies growth to “infinity,” i c , the number of colonies too great to count 


too high to permit dnect counting of the colonies on the plates, even with the 
aid of the microscope 

When io mg per ioo cc of sulfanilamide was present, a rapid trend 
towaid stenhzation developed which was clearly defined even at four hours 
Theieaftei, the couise of the population curve was related to the initial num- 
bei of oigamsms implanted The bloods containing the smallest starting 
population weie sterile within 24 houis The blood with the largest inocula- 
tion showed temporal y reduction of the number of oigamsms, but steriliza- 
tion did not occur In fact, following the low point of population in this 
tube, which was at 24 houis, progressive outgiowth of oigamsms ensued 
The blood became hemolyzed, and the final level of bacterial growth was 
identical with that 111 the sulfanilamide-free controls 

Discussion — In considering the significance of this experiment it is ap- 
paient that the possibility that phagocytosis is an active participant in the 
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sterilizing action of sulfanilamide must be considered The increased bac- 
tericidal action of the blood of convalescent patients has been generally believed 
to result from an mciease in phagocytosis One explanation of the bactericidal 
action of sulfanilamide in whole blood might be that the diug, by inducing 
a surface alteration in the organisms, increases their susceptibility to phagocy- 
tosis One finds in the current literature that there is some indirect evidence 
which might tend to support the concept that sulfanilamide acts thiough 
promotion of phagocytosis That this does not adequately explain the phe- 
nomenon is, howevei, evident when we find that normal serum, which con- 
tains no phagocytes, is just as effective a vehicle as whole blood for the action 
of sulfanilamide m destroying Streptococci 

Growth of Hemolytic Sti eptococci m Noimal and Inactivated Seium — In 
comparing the action of sulfanilamide in whole blood, and in serum, the 
following points deserve mention 

(1) More rapid initial outgrowth took place in sulfamlamide-free serum 
than in sulfamlamide-free whole blood This was due in all probability to 
the absence of any phagocytes in the seium 

(2) The sulfamlamide-fiee serum failed to support a level of bacterial 
giowth as high as the sulfamlamide-free blood This has been related in 
othei experiments to the lack of products of hemolysis in the seium In 
whole blood, the breakdown of blood cells produced by streptococcal hemo- 
lysin em iches the medium to such a degiee as to permit gi eater numbers of 
Streptococci to continue multiplying 

(3) Sulfanilamide in the seium allowed a temporal y, but slight, mciease 
in population dunng the fiist four hours Following this initial phase of 
limited outgiowth, there was a progressive trend towaid sterilization, similai 
to that which developed m the whole blood containing sulfanilamide 

Discussion — The capacity of sulfanilamide to interfere with the multi- 
plication and suivival of hemolytic Streptococci in cell-free serum tends to 
rule out the mechanism of phagocytosis as a major essential participant in the 
action of the diug 

Noimal seium, even without sulfanilamide, is not a suitable culture 
medium for piolonged survival of hemolytic Sti eptococci This is shown m 
the conti ols by piogressive reduction m the number of suiviving organisms 
after 24 hours The parallelism between curves obtained from the three 
sulfamlamide-contammg tubes in which early sterilization did not take place, 
and the curves of the coi lesponding sulfamlamide-free controls, suggests 
that the effect of sulfanilamide might have been to exaggerate the inhibiting 
influence on streptococcal growth which is an attribute of normal serum 
However, serum may be rendered much more suitable for prolonged multi- 
plication and survival of Streptococci by the addition of small amounts of 
peptone The major source of nitrogen in pure seium is the serum protein 
The addition of peptone provides the bacteria with an additional, and more 
easily assimilable, source of nitrogen 

Bainbridge 5 has shown that some species of bacteria are unable to break 
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down protein molecules to obtain essential nitrogen, and literally “starve to 
death” in a medium of seium protein or egg albumin unless predigested 
protein, in the form of peptone, is supplied to them Apparently the virulent 
hemolytic Streptococcus can utilize protein to some extent, as evidenced by the 
rapid initial growth in population of the organisms in normal serum Sup- 
plementary experiments have shown us that nonvirulent Streptococci almost 
completely lack the ability to grow in peptone-fiee seium Data which we ob- 
tained suggested the possibility that sulfanilamide may produce its lestrictmg 
action on the growth of virulent Streptococci in serum by interfering with 
then utilization of serum protein The following experiment offers mduect 
evidence on this impoitant point 

Influence of Peptone on the Action of Sulfanilamide — The population 
curves for hemolytic Streptococci in seium containing sulfanilamide weie 



Hours - 10 SO 30 40 50 


Chart 2 — The effect of peptone on the action of sulfanilamide The uppermost 
curve is the average of the six sulfanilamide free controls the populations of which 
were at uncountable levels for most of the period of incubation 

calculated as in the preceding experiments In addition, the growth curves 
weie estimated for serum-sulfanilamide nuxtuies to which a small amount 
of peptone had been added In one instance the peptone was added at the 
beginning of incubation, and in another it was introduced after five hours of 
incubation As a further control, there was added to other tubes of serum 
a small amount of dextiose, which, like peptone, may under some conditions 
stimulate bacterial giowth Chait 2 shows the effects of these substances on 
the population curves 

(1) No population increase occuned during the first five hours in serum- 
sulfamlannde tubes which did not contain peptone A marked increase in 
population took place when peptone was present The addition of dextrose 
did not encouiage growth 

(2) The addition of peptone after five hours of incubation of the culture 
permitted survival of the Streptococci and eventual increase of population 
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to the level of sulfamlamide-fiee controls Failure to add peptone pei nutted 
the restricting effect of sulfanilamide to continue, and no living organisms 
lemained after 24 hours 

Discussion — In many experiments of a similar character, employing dif- 
ferent types of peptone, the inhibiting effect of peptone on the action of sul- 
fanilamide has been constantly apparent We believe that this evidence jus- 
tifies the tentative conclusion that sulfanilamide interferes with the ability of 
virulent hemolytic Streptococci to use serum or tissue protein as a “food” 
from which to obtain nitrogen If no source of nitrogen other than protein 
is present in the bacterial environment, the organisms cannot continue to 
multiply and the population dies out 

We hope that through study of the enzyme actions by which invasive 



Tig 1 — (A) Illustrates a highly in\asi\e infection and shows a photomicrograph of a section of 
the brain of rat dying 30 hours after introduction of hemolytic Streptococci into subarachnoid space 
through a cranial trephine Note the grouping of masses of cocci around small vessels, complete ab 
sence of cellular exudate and organisms spreading through tissues which are architecturally almost 
normal (X400) (B) Higher magnification of (A) (circle) Note the cocci within a blood vessel, 
and absence of phagocytes (Xi,40o) 

organisms attack protein we may obtain direct evidence which will prove, 01 
disprove, the validity of this concept It has been of interest to us to note, 
however, that this explanation of the action of sulfanilamide conforms with 
the clmicopathologic alteration induced by sulfanilamide m infectious lesions 
in patients and animals 

The course of Streptococcus infection in over 200 patients treated with 
sulfanilamide last year at the Presbyterian Hospital in New York City was 
studied by Dr Alvin Coburn and myself 0 From this study it was concluded 
that the most striking effect of sulfanilamide was the suppression of tissue 
invasion in actively or potentially invasive infections The patients with 
eiysipelas, fulminating cellulitis, primai y hemolytic Streptococcus peritonitis 
and meningitis were brought under control moie rapidly and complete!} 
by sulfanilamide than the patients with the less virulent, more subacute 
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types of infections The highly invasive Streptococcus lesions are charac- 
terized histologically by minimal changes in the tissue architecture at the 
peripheral zone of bacterial invasion The organisms are actively multiplying 
in, and spreading thiough, tissues not yet digested by the action of inflamma- 
tory exudates 7 (Fig iA, B) In this type of process the organisms aie appai- 
ently utilizing the proteins of the intact tissues for synthesis of their bacterial 
proteins, and in this type of lesion sulfanilamide acts with greatest effec- 
tiveness Such a lesion may be compared to the infected normal serum of our 
experiments, the medium in which sulfanilamide has been shown to exei- 
cise a sterilizing action on Streptococci 

Furthermore, it appeared in our clinical study that the presence of necrotic 
tissue or pus in a lesion prevented sulfanilamide from acting upon the or- 
ganisms with the same maximum effect which characterized its action on 
diffuse nonsuppurative infections If an infection was tieated after two or 
three days of progression, and some degree of localization or abscess forma- 
tion had occurred, sulfanilamide seemed clinically to accomplish little moie 
than to protect umnvolved tissues Necrotizing tissue and pus contain pep- 
tone-like products of protein disintegi ation It may be that the presence of 
this mateual in tissue lesions piotects Streptococci from the full action of 
sulfanilamide through a mechanism similar to that which we have observed 
under experimental conditions In the suppurative infections the bacterial 
environment is rich in peptones, the oigamsms are not dependent upon 
utilizing protein for survival, and aie theiefore able to lesist the action of 
the drug 


CONCLUSIONS 

(1) The sterilizing action of sulfanilamide under experimental condi- 
tions is not dependent upon the participation of phagocytic cells 

(2) Sulfanilamide in seium is capable of preventing the multiplication 
of hemolytic Streptococci 

(3) The sterilizing effect of sulfanilamide upon hemolytic Streptococci 
in serum is prevented by the addition of small amounts of peptone 

(4) Indirect evidence is offered to suggest that sulfanilamide acts upon 
hemolytic Streptococci by mterfeience with their protem-digestmg mechanism 

(5) Some of the clinical lesults of sulfanilamide therapy are explained 
thiough these concepts of the action of the diug 
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TOXIC MANIFESTATION OF SULFANILAMIDE* 

Perrin H Long, M D , and Eleanor A Bliss, D Sc 

Baltimore, Md 

FROM TIIE DEPUITMENT OF MEDICINE THE JOHVS IIOPKIVS UNHERSITI MEDIC \L SCHOOL BALTIMORE 

It is obvious that foi the pioper use of any therapeutic compound a 
knowledge of its possible harmful effects is necessary This is especially true 
m legal d to therapy with sulfanilamide because this chemotherapeutic agent, 
while possessing a low degi ee of acute toxicity for both man and animals, 1 - •* 
is capable of producing a wide variety of undesirable side-effects in human 
beings 

We wish to discuss the toxic manifestations which have occurred during 
the course of sulfanilamide therapy in 335 patients at the Johns Hopkins 
Hospital, together with certain observations upon the recognition and con- 
trol of such manifestations 

In our original lepoit, 1 we noted the occuirence of certain cerebral toxic 
effects in mice and in human beings These aie among the most common 
toxic effects and consist of dizziness, headache, a loss of the ability to concen- 
trate, a loss of normal reaction time, anorexia, nausea and, in some instances, 
vomiting These manifestations by themselves have rai ely been severe enough 
to wariant discontinuing the drug in waid patients but symptoms in this 
group are frequently very annoying to the ambulatory patient and may be 
severe enough to necessitate stopping the diug It is of mtei est to note that 
sulfanilamide and alcohol tend to complement each other in their toxic ef- 
fects, and because of this the use of alcohol should be discouraged in patients 
receiving sulfanilamide The deci eased mental acuity and dizziness which 
sometimes occur in the course of sulfanilamide therapy may lender the 
ambulatory patient dangerous insofar as driving a motor vehicle is con- 
cerned Piofessional motor vehicle dnvers should be warned in this respect 
Because of the fiequency of these cerebial effects we feel that whenever it is 
practical the patient who is leceivmg sulfanilamide should be kept in bed — 
at least during the first days of tieatment 

Cyanosis of varying degrees is almost a constant finding m patients tieated 
with sulfanilamide The mechanism of the production of the cyanosis is 
still in dispute Marshall 4 does not believe that the foimation of methemo- 
globin is always responsible foi the cyanosis while Wendell 3 has stated that 
varying degrees of methemoglobinemia have been found in 200 patients 
treated with sulfanilamide Despite certain dissident foreign observa- 
tions, 0 7 8 the cyanosis does not seem to be due to sulpbemoglobinemia We 
have noted intense cyanosis appealing within four hours after the ingestion 
of I 5 G111, of sulfanilamide, and on the contrary we have note d patients in 

* These investigations have been supported b> a grant trom the Chemical Founda- 
tion, Inc 
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whom large doses (36 to 72 Gm per diem) of sulfanilamide produced but 
mild degrees of cyanosis We do not believe that the development of cyanosis, 
by itself, constitutes a dangerous toxic manifestation m the course of sulfa- 
nilamide therapy, nor do we believe that cyanosis is a contraindication to fur- 
thei tieatment 

Clinical acidosis, as evidenced by the combination of hypernoia and a 
loweied CCL combining power, has been noted m 3 per cent of the 335 
patients who compi lse this study As vve have previously stated, 9 the acidosis 
is accompanied by loss of sodium and potassium in the mine Since we 
have adopted the routine proceduie of pi escribing bicarbonate of soda with 
each dose of sulfanilamide, we have not noted this toxic manifestation The 
amount of bicarbonate of soda needed to eliminate the possibility of acidosis 
is from one-thnd to one-half of the dose of sulfanilamide If sulfanilamide 
is being given by the parenteral route, the use of one-sixth molar* sodium 
lactate solution as the solvent for the drug will pi event the occurience of 
acidosis If acidosis should occur, then the oral administration of sodium 
bicaibonate or the pai enteral use of one-sixth molai* sodium lactate solution 
is indicated 

Jaundice (without anemia) accompanied by a maiked decrease m liver 
function has occuried but once in this senes of patients The jaundice rapidly 
disappeaied and the liver function leturned to normal soon after sulfanila- 
mide theiapy was discontinued We do not believe that the previous existence 
of livei damage 01 jaundice is necessarily a contraindication to sulfanilamide 
theiapy This is especially true if the existing livei damage is the lesult of 
an infection 111 which therapy with sulfanilamide is indicated 

We have not noted any evidence of renal damage 01 nutation which 
could be remotely attributed to sulfanilamide It is to be lemembeied in 
this connection that the damaged kidney does not excrete sulfanilamide 
easily, and caie should be taken that sulfanilamide does not accumulate in 
the blood stieam 111 patients with impaired renal function 

Deimatitis has been 1 datively uncommon m this senes of jDatients with 
but 1 pei cent of the gioup showing this type of toxic leaction This figure 
is lowei than that observed by Hageman and Blake, 10 and by Schwentker 11 
In 0111 exjienence the lash has always been similar to that of measles All 
have been accompanied by some degree of temperature and all have cleared 
lapidly when the diug was discontinued This procedure will do away with 
the possibility of a seveie deimatitis of the exfoliative type developing In 
one instance in which sulfanilamide was given again after the rash had dis- 
appeaied, a mild deimatitis developed rather promptly In but one case has 
the deimatitis seemed to be associated with a photosensitivity of the skm 
Simple fevei has been the most common toxic reaction (6 per cent) noted 
m this senes of patients Frequently the question is asked as to how one 
differentiates the fever due to sulfanilamide from that due to the infection 
It is intei esting to note in this lespect that m but one instance has this ques- 

* \ r b , molar solution represents one containing 1867 Gm per liter 
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tion had to be decided in the 22 patients in 0111 senes who developed fever as 
a toxic manifestation of sulfanilamide therapy All of the other patients 
had had one or moie days of normal tempei attire befoie they developed the 
diug fever 

The time of the occurrence of the fevei is of intei est Two patients devel- 
oped fever on the first day of therapy with sulfanilamide, foui on the third 
day, one on the fourth day, two on the fifth day, two on the sixth day, foui 
on the seventh day, two on the eighth day and five on from the ninth to the 
fourteenth day of treatment Thus it is evident that fevei may occui at any 
period m the course of sulfanilamide therapy 

In addition to simple fevei due to sulfanilamide, we have noted that 111 
almost all instances the patients developing a deimatitis, an acidosis, an 
acute hemolytic anemia or an agranulocytosis also show an eaily febrile 
lesponse Because of this, we have come to the conclusion that the appear- 
ance of fevei constitutes an impoitant warning sign in the conti ol of patients 
being treated with sulfanilamide, and that sulfanilamide should be piomptly 
discontinued in patients who develop an unexplained fever 

Inasmuch as simple fever is a fan ly common toxic manifestation in the 
couise of sulfanilamide theiapy, the question of whethei it is dangeious to 
resume treatment with the drug aftei the fevei has disappeared is of impor- 
tance Our obseivations lead us to believe that it is impossible to predict 
whether a given patient will develop anothei febrile reaction if sulfanilamide 
therapy is lesumed Howevei, because of the intensity and sharpness of the 
febrile reactions which have followed the restoration of sulfanilamide therapy 
in certain patients, we believe that it is wise to administei a test dose of 03 
Gm of the drug to patients who have previously had a febrile response to sul- 
fanilamide Then, if no febrile reaction occurs within 12 hours, it has 
seemed safe to continue with the drug If, on the other hand, a shaip febrile 
response is noted, it is unwise to attempt further sulfanilamide therapy 

Anemias of the hemolytic type have occui red quite commonly in this series 
of patients Foitunately, most of the anemias weie mild in type and slow in 
developing A drop in hemoglobin of from 10 to 20 per cent is a common 
finding in the couise of sulfanilamide therapy, especially if the treatment 
is prolonged ovei a penod of ten days or more These slowly developing 
anemias ai e not accompanied by bihrubmemia, although increases in the reticu- 
locyte count above noimal limits aie the mle aftei the hemoglobin begins to 
drop Urobilin is almost constantly present Our observations lead us to 
believe that these slowly developing mild anemias are not a contraindication 
to the continuation of sulfanilamide therapy 

Acute hemolytic anemias, 13 14 characterized by a rapid fall in the red blood 
cell count and the hemoglobin, a moderate to a marked leukocytosis, marked 
reticulocytosis, bihrubmemia, urobilmuria and in certain instances porphyri- 
nuria, have occurred in 3 per cent of the patients included m this series This 
t> pe of toxic manifestation is one of the most serious encountered m the course 
of sulfanilamide therapy These anemias have generally been severe enough 
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to necessitate one or more transfusions They occur within 24 to 72 hours 
after tieatment has begun The maximal anemia geneiaily develops within 
thiee days after the hemolytic process is initiated All of these patients show 
a definite rise in tempeiatuie during the anemia phase This toxic manifesta- 
tion is more common in children than in adults In one instance in which 
therapy with sulfanilamide was lesumed the hemolytic process recuired 

The mechanism of this type of anemia is not as yet clearly understood but 
it would seem to be the result of an individual ldiosynciasy toward sulfanila- 
mide There is no evidence that any one type of infection predisposes an 
individual towaid this form of anemia Experience has shown that sulfa- 
nilamide should be discontinued if an acute hemolytic anemia develops 

Agranulocytosis has been reported in the course of sulfanilamide ther- 
apy 15 10 We have noted one patient, suffering from a gonococcal arthritis 
and urethritis, who developed this toxic manifestation toward the end of the 
third week of treatment This patient showed the typical picture of agranulo- 
cytic angina Treatment designed to rid the patient of sulfanilamide was 
immediately instituted, and within ten days he had made a complete recovery 
from this blood dyscrasia The mechanism of the pi oduction of serious leuko- 
penias and agi anulocytosis by sulfanilamide is as yet unknown 

Sulfanilamide is excieted by the kidneys, as has been shown by Mar- 
shall 17 et al Therefoie, when any type of toxic manifestations due to this 
drug occurs and it is desued to rid the oiganism of sulfanilamide as quickly 
as possible, large quantities of fluid should be given The ensuing water 
diuresis will result in the rapid elimination of sulfanilamide from the blood 
and tissues 


CONCLUSIONS 

Sulfanilamide pioduces many and varied toxic effects in human beings 
Howevei, we believe that if theiapy with sulfanilamide is controlled by 
caieful clinical and laboiatory observations, the toxic manifestations of the 
diug will be recognized 111 their inception and no great harm will come to 
the patient Detailed observations of the patient, careful tempeiature record- 
ings and daily blood studies are exceedingly impoitant in the care of the 
individual who is being treated with sulfanilamide 
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It is a mattei of easy confhmation that the addition of sulfanilamide to 
nutrient broth or human seium slows down the rate of multiplication but 
does not lead to the death of B-hemolytic Streptococci implanted in such 
media 1 4 This bactenostatic influence cannot be said to constitute the sole 
mode of action of the diug because it is established that sulfanilamide en- 
hances the bactencidal poweis of human blood 2 in infected patients The only 
known method whereby the body can destroy gram-positive Cocci is the 
piocess of phagocytosis and intracellular digestion The effective action of 
sulfanilamide has been shown to depend upon the presence of phagocytic 
cells, 1 and it is leasonable to postulate that sulfanilamide has some action 
which renders this phagocytic mechanism more effective in killing hemolytic 
Streptococci It is obvious, as observed by Reimann, 3 that this sti eptococcidal 
effect must be attributable to one or moie of thiee possibilities (i) A specific 
activation of the leticulo-endothelial system, (2) an inhibition of toxin forma- 
tion, and (3) an alteiation in the capsule of the Stieptococcus It is instruc- 
tive to discuss the findings of other woikeis in 1 elation to these possibilities 
(1) Specific Activation of the Reticulo-Endothelial System — The reticulo- 
endothelial system may be consideied to include the phagocytic cells and the 
specific antibodies of the serum Sulfanilamide theiapy does not alter the 
cytologic 1 espouse to infection in experimental animals 4 5 There are no re- 
potted expei intents which deal duectly with antibody foimation in sulfanila- 
mide tieated animals, but it is possible to evaluate this effect by a considera- 
tion of repoited piotection experiments Mice survive the intraperitoneal 
injection of many lethal doses of Streptococci as long as sulfanilamide ther- 
apy is continued, but when the drug is withdrawn many of the animals subse- 
quently die of their infection, 0 and it is, therefore, unlikely that sulfanilamide 
theiapy has stimulated an active immunity during the time of tieatment Sea- 
stone 7 has demonstrated that the surviving gumea-pigs of sulfanilamide treated 
Group C-hemolytic Streptococcus infections aie susceptible to reinfection 
Ihere is no evidence that antibody formation is specifically stimulated by 
sulfanilamide, and it may be concluded that the diug does not specifically ac- 
tivate the reticulo-endothelial system msofai as antibody production by that 
system is concerned 

(2) Inhibition 0/ Toun Foimation — Bliss and Long 1 have lemaiked 

813 



LYONS AND MANGIARACINE Annals or surgcy 

November JO 38 

that toxin formation is probably suppressed by virtue of the bacteriostatic 
action of sulfanilamide to a point at which the Streptococci “no longer pro- 
duce enough ‘leukocidin’ and other toxic products to inhibit rapid phagocy- 
tosis ” Osgood and Brownlee 8 have observed that Streptococci grown m the 
presence of sulfanilamide produce less than normal quantities of hemolysin 
From this it is argued that sulfanilamide inhibits the total toxigenic activity 
of Streptococci and thereby conveits the organisms to “harmless saprophytes ” 
The experimental evidence available at the present time does not appear to 
us to be sufficient to conclude that such an inhibition of toxin formation could 
be the adjuvant factor supplied by sulfanilamide in the bactericidal mecha- 
nism observed in the clinical use of the drug 

( 3 ) Alte>ation of the Capsule — Levaditi and Vaisman 11 advanced the 
hypothesis that the action of the drug might be attributable to an inhibition 
of encapsulation This viewpoint was not tenable after the demonstration of 
encapsulated organisms in the peritoneal cavities of treated mice , 12 but distinct 
degenerative changes have been obseived in the morphologic appearance of 
Streptococci grown in sulfanilamide serum 4 Bliss and Long 1 have shown 
that the Streptococci in the peritoneal cavities of infected mice are more 
readily phagocyted in sulfanilamide treated animals than in normal controls 
This increased phagocytosis in the absence of specific antibacterial antibody is 
evidence of an alteration in the surface or capsular antigen 9 10 The truth of 
this is not denied by the histologic demonstration of a capsule because it is 
immunologically possible to differentiate between two types of morphologically 
identical capsules 9 10 Hemolytic Streptococci m the human virulent phase 
are encapsulated and resistant to phagocytosis, whereas variants of attenuated 
virulence may be encapsulated and susceptible to phagocytosis The failure 
of active immunization to occur in sulfanilamide treated animals is consistent 
with an antigenic alteration in the structure of the bacteria 

In the present report we wish to present the experimental data which 
demonstrate that there is a physicochemical alteration of the structure of B- 
hemolytic Streptococci grown m the presence of sulfanilamide It was 
elected to perform these studies in human blood because there are many 
disci epancies between the infections in humans and those in mice The F 
variant of the hemolytic Streptococcus is virulent for man but has little or no 
primary vuulence for mice 9 10 Sulfanilamide therapy does not protect mice 
infected with freshly isolated human strains or strains of low mouse viru- 
lence 5 Ci 12 The drug appears to have little or no effect on the established 
mouse infection , 5 0 13 14 whereas, it is only applicable to humans with pre- 
existent infections The bactericidal effect of sulfanilamide is demonstrable 
in human blood but not m the blood of lower animals , 2, 12 but this is probably 
due to the lesser phagocytic efficiency of the circulating leukocytes of these 
animals 

Experimental Methods — ( i) Souice of B-Hemolytic Stieptococci 
The bacteria were obtained fiom blood cultures and direct platings of pus from 
human lesions The stiains were studied at the time of isolation to determine 
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whether one or moie valiants were present Stock cultuies were grown over- 
night in a meat tube, coveiecl with mineral oil and stored in the lefrigerator 

(2) Cultivation — The composition of diffeiential blood agai plates and 
seium neopeptone water has been repoi ted 9 - 10 Sulfanilamide (Merck) has 
been added as dried powder to a concentiation of io mg per cent piior to 
autoclaving, and desired dilutions in neopeptone watei prepared 

(3) Spontaneous Agglutination — This technic has been repoi ted 0 Equal 
quantities of overnight culture and saline are placed in the water bath at 55 0 C 
foi tlnee houis, and read with the naked eye for agglutination 

(4) Phagocytosis — The complete details of this technic have been re- 
poi ted 0 The resistance to phagocytosis of vnulent valiants was checked in 
every experiment by the use of infant blood or washed adult cells resuspended 
in a 1 8 dilution of homologous serum in saline 9> 10 Sulfanilamide blood 
was obtained directly fiom patients receiving the drug or was prepared by 
adding sulfanilamide (Merck) to freshly diawn, defibrinated blood 

(5) Bactericidal Technic — These tests were performed by the modified 
Todd technic 10 Sixteen-hour cultuies weie serially dilulted in homologous 
media without horse serum and added to tubes of the defibrinated blood The 
tubes were sealed, rotated foi 48 houis at 37 0 C and then cultured upright 
for 24 hours at 37 0 C The contents of each tube were then washed into 
5 cc of 5 pei cent horse serum neopeptone water and incubated at 37 0 C ovei - 
night Smears and cultuies were made of these last named cultures to deter- 
mine which of the bactericidal tubes contained bacteria 

(6) Sulfanilamide Determinations — The sulfanilamide levels of the blood 
and media were detei mined by the method of Marshall 17 

(7) P H Determinations — These obseivations were perfoimed with the 
colonmetiic method and checked by the electrometric technic 

Experimental Results — (1) Vanation in Foi in of Colonies — Gay and 
Clark 4 obseived that Streptococci giown 111 human serum containing sulfa- 
nilamide and then transplanted onto diffeiential media gave use to a mixture 
of vnulent and avnulent colony forms on primary subculture which reverted 
to all virulent colony foi ms on subsequent subculture This observation was 
confiimed and it was fuithei found that normally grown Stieptococci trans- 
planted onto diffeiential media containing 10 mg per cent of sulfanilamide 
also yielded a mixture of vnulent and avirulent colony foi ms Sulfamla- 
mide-giown Stieptococci transplanted onto sulfanilamide media produced all 
avnulent colony foi ms but subcultivation back onto normal media resulted in a 
1 eversion to the vn ulent colony form 

(2) Spontaneous Agglutination — The capsules of the vnulent M and the 
attenuated M valiants are moi phologically identical, but the virulent variants 
aie lesistant to phagocytosis m the absence of specific antibacterial antibody 
and do not agglutinate spontaneously, whereas the attenuated variants are 
leadily phagocyted and aie spontaneously agglutmable 10 

Table I shows the lesults obtained fiom an experiment in which virulent 
stiams aie rendered spontaneously agglutmable by progressive subcultivation 
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in sulfanilamide media Similai experiments, with many strains, have shown 
a great variation m strain susceptibility to this sulfamlanude-induced spon- 
taneous agglutination, but practically all stiains show some agglutination after 
tlnee subcultures in io mg per cent sulfanilamide media This agglutina- 
bility is attributable to an alteration in the structuie of the organisms, because 
Streptococci which have been washed and resuspended in saline after growth 
m sulfanilamide media are similarly agglutmable and no alteration in p n 
has been observed in the media used for these tests The capacity for spon- 
taneous agglutination is lost in the first normal subculture away from sul- 
fanilamide media It is concluded that continued growth in sulfanilamide 
media conditions a physicochemical alteration in the surface antigen of B- 
hemolytic Streptococci It has been impossible to determine whethei this 
change is due to an absorption of some substance onto the Cocci or to a 
direct modification of the capsule 


TABLE I 

THE SPONTANEOUS AGGLUTINATION Or STRAINS PASSAGED IN SULFANILAMIDE MEDIA 


Subculture 


Amount of 
Sulfanilamide 
in Media 

1st 

Strain “Gal ” 
2nd 

3rd 

1st 

Strain “Ber 
2nd 

n 

3rd 

0 mg % 

0 

0 

0 

0 

0 

0 

2 5 mg % 

0 

=b 

++ 

0 

0 

++++ 

5 mg % 

0 

O 

++ 

0 

++ 

++++ 

10 mg % 

0 

afc 

++ 

0 

++ 

++++ 


Table II 

THE PHAGOCYTOSIS IN AN INFANT’S BLOOD Or STRAIN "MCL” 
PASSAGED IN SULFANILAMIDE 


History of Culture Tested 

Normal Blood 

Sulf f Blood 

33X in normal serum neopeptone 

0 — 

o%* 

0 — 

0% 

32X in normal serum neopeptone, then 

i\ in sulf f serum neopeptone 

0 — 

0% 

0 — 

0% 

3\ in sulf serum neopeptone 

90 — 

18% 

64- 

16% 

33K in sulf serum neopeptone 

121 — 

36% 

160 — 

34% 

32X in sulf serum neopeptone, then 

ix in normal serum neopeptone 

0 — 

0% 

0 — 

0% 


*o — 0 % = o Streptococci phagocyted by o per cent of 50 cells counted 
t Concentration of sulfanilamide used in blood and media = 10 mg per 
cent 


( 3 ) Phagocytosis — Table II shows the results obtained from a phago- 
cytic experiment with infant’s blood containing no demonstrable antibacterial 
antibody to Streptococci It is shown that progressive subcultivation in sul- 
fanilamide media renders the organisms susceptible to phagocytosis even m 
the absence of specific antibody, and that the bacteria revert to the phagocyte 
resistant form when they are subcultured into normal media 
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Table III 


THL ErrECT OF ANTIBACTLRIAL ANTIBODY 

PHAGOCYTOSIS IN 

AND PASSAGE IN 

ADULT BLOOD 

SULFANILAMIDE UPON 

Strain 

History of Culture Tested 

Normal Blood 

Sulfanilamide* Bl< 

"McL” 

ix in normal serum neopeptone 

o— o%t 

0—0% 


ix m sulf * serum neopeptone 

o— 0% 

0—0% 

“Aps" 

i x in normal serum neopeptone 

1 12 — 36% 

506 — 88% 

ix in sulf serum neopeptone 

334 — 54 % 

420 — 82% 

“Gal” 

ix m normal serum neopeptone 

306 — 50% 

592 — 72% 


ix in sulf serum neopeptone 

372 — 62% 

701 — 78% 


* Sulfanilamide concentration = io mg per cent 
f Fifty cells counted 

(The blood used in this experiment contained antibody for strains “Aps” and “Gal” 
but not for strain “McL”, c f , the phagocytosis by normal blood of the normally grown 
strains ) 

Table III shows that phagocytosis is most marked when Streptococci are 
grown in sulfanilamide media and are added to blood which contains both 
sulfanilamide and antibacterial antibody This experiment also illustiates 
the variation of strains in their susceptibility to sulfanilamide 


Table IV 


THE PROGRESSIVE ATTENUATION OT BACTERIAL VIRULENCE BY SUBCULTIVATION IN 

SULFANILAMIDE MEDIA 


Phagocytosis* 
0 — 0 % 


Blood 

Sulfanilamide 
o mg % 
to mg % 
io mg % 
io mg % 
io mg % 
omg % 


History of Inoculum 
15T m normal serum neopeptone 
ix m sulf f serum neopeptone 
3\ in sulf serum neopeptone 
gx m sulf serum neopeptone 
igxinsulf serum neopeptone 
14X in sulf serum neopeptone, then 
ix m normal serum neopeptone 


Bacteria Killed by 
o 25 Cc Blood 
o 
40 
300 

3.000 

6.000 

o 


* Twenty-five cells counted This blood contains no demonstrable antibody for the 
test strain 

f Sulfanilamide concentration of ro mg per cent 


(4) Bactencidal Tests — Table IV shows the results obtained from an 
expenment in which it is demonstrated that sulfanilamide grown oiganisms 
aie killed by defibi mated human blood which contains no demonstiable anti- 
bacterial antibody This bactericidal effect is shown to be due to an attenua- 
tion of bacterial virulence by sulfanilamide, because the only variable in the 
experiment is the progressive subcultivation of the Streptococci in sulfanila- 
mide media, and the bactena fiom the fifth subculture aie killed in significantly 
larger numbets than the oiganisms from the first subculture This effect of 
sulfanilamide also disappears as soon as the bacteria are cultivated in normal 
media again 
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Table V 

THE DEMONSTRATION Or THE NECESSITY TOR BOTH ANTIBACTERIAL ANTIBODY AND 
SULFANILAMIDE TOR THE MAMMAL BACTERICIDAL ErrECT 

Exper Bacteria Killed by 


Phagocytosis* 

Blood Sulf 

History of Inoculum 

0 25 Cc 

0 — 

0% 

0 mg % 

3x in normal serum neopeptone 

5 



10 mg % 

35c m sulf f serum neopeptone 

300 

124 — 

60% 

0 mg % 

3x m normal serum neopeptone 

50 



10 mg % 

3x m sulf serum neopeptone 

30,000 

0 — 

0% 

0 mg % 

3x in normal serum neopeptone 

0 



5 mg % 

3x in sulf serum neopeptone 

1,300 

168 — 

76% 

5 mg % 

3x in sulf serum neopeptone 

130,000 

210 

88% 

0 mg % 

3\ in normal serum neopeptone 

13 



10 mg % 

3x in sulf serum neopeptone 

30,000 


* Twenty-five cells counted 

f Sulfanilamide concentration of io mg per cent 

Table V shows the results obtained from a series of experiments which 
demonstrate that the combined action of sulfanilamide and antibacterial anti- 
body is more effective than either one alone Other similar experiments indi- 
cate that the effective level of antibody action is markedly lowered in the 
presence of sulfanilamide 

Experiments performed in human serum have failed to demonstrate any 
increase in the streptococcidal powei of the serum as a result of the addition 
of sulfanilamide or the use of sulfanilamide-grown organisms It is con- 
cluded that sulfanilamide affects the Streptococci to lender them more suscep- 
tible to the bactencidal action of defibrinated whole blood 

(5) Clinical Obseivations — A diamatic therapeutic response to sulfa- 
nilamide has occuried in the treatment of two types of acute hemolytic Strepto- 
coccus infections The first type comprises those infections in which the 
patients have antibacterial antibody to their organisms at the time treatment 
is started, and the second type consists of those patients who have no anti- 
bacterial antibody and negative blood cultures with beginning localization of 
their infection by the process of inflammatory fixation However, there is a 
third type of infection, in which the patient has a bacterienna with no anti- 
bacterial antibody, and sulfanilamide therapy alone has failed to sterilize the 
blood stream in these cases 

There are six cases of bactenemia without antibacterial antibody which 
have received sulfanilamide in sufficient dosage over a long enough period 
of time to evaluate adequately the sulfanilamide response in this type of 
infection Tlnee of these six patients died with continuously positive blood 
cultures on the second, thud and fifth days, respectively, after sulfanilamide 
therapy was started A fourth patient received only sulfanilamide and even- 
tually recovered, but it was not apparent that the drug had dramatically 
influenced the course of his disease The two remaining patients received 
sulfanilamide with no apparent improvement in the course of their bacteri- 
emia Sterilization of the blood stream and subsequent recovery followed 
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immediately upon the injection of antibacterial antibody by the method of 
immunotransfusion 15 


Table VI 


THE DEMONSTRATION OT THE RESISTANCE OT A STRAIN Or STREPTOCOCCUS TO THE 

ErrECT or sultanilamide 


Exper 

No Phagocytosis* Blood Sulf 
f 0—0% o mg % 

1 1 io mg % 

f 168 — 88% o mg % 

2 1 io mg % 


Bacteria Killed by 


History of Inoculum o 25 Cc 

3x in normal serum neopeptone 5 

31 in sulf t serum neopeptone 2 

3X in normal serum neopeptone 500 

3X in sulf serum neopeptone 2,000 


* Twenty-five cells counted 

t Sulphaml amide concentration of 10 mg per cent 


Table VI shows the result obtained fiom a bactericidal experiment, with a 
strain of Stieptococcus isolated from a patient who died with Streptococcus 
bactenemia, despite the fact that a blood sulfanilamide level of 9 mg per 
cent was maintained foi three days prioi to death The experiment confirms 
the clinical obseivation that this strain of Streptococcus was relatively little 
affected by sulfanilamide and that antibacterial antibody was needed to 
achieve the streptococcidal effect Tables VII and VIII aie clinical sum- 
maries of the two patients with bactenemia and no antibacterial antibody who 
lequired antibody in addition to sulfanilamide to stenlize the blood stieam 

Table VII 

CLINICAL SUMMARY OT A MALE, AGE 7, SUrrERING TROM B\CTERIEMIA (STRAIN “MCL”) 
WHO HAD NO ANTIB \CTERIAL ANTIBODY, AND WHO REQUIRED ANTIBODY IN 
ADDITION TO SULI ANILAMIDE TO ErrECT STERILIZATION 



Sulfanilamide 


Blood 



Days 

Dosage 

Blood Level 

Transfusions 

Cultures 

Remarks 

WBC 

i 

24 



Pos 

Stuporous 

5,000 

2 

2 4 




Stuporous 


3 

24 




Stuporous 


4 

24 

7 7 

Nommmune 300 cc * 


Stuporous 

6,000 

5 

2 4 



Pos 

Stuporous 

8,900 

6 

2 4 




Stuporous 

9,100 

7 

24 

6 5 


Pos 

Stuporous 

10,400 

8 

24 

49 

Immune 350 cc j 


Stuporous 


9 

24 



Neg 

Reactive 

i 5 . 5 °o 

IO 

24 




First abscess 

21,200 


* Phagocytic titer 0 — 0% (25 cells counted) 
t Phagocytic titer 175 — 68% (25 cells counted) 


Comment — Human virulent variants of hemolytic Streptococci are 
Known to be lesistant to spontaneous agglutination , resistant to phagocytosis, 
and resistant to the bactencidal power of human blood which contains no 
specific antibody 9 - 10 Streptococci which have been grown in media contain- 
ing sulfanilamide have been shown to be spontaneously agglutmable, sus- 
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ceptible to phagocytosis , and killed by human blood that contains no specific 
antibody These are the characteristics which serve to identify the attenuated 
or avuulent variants 9 10 Growth in sulfanilamide induces a physico-chem- 
ical alteration m the antigenic stiuctuie of hemolytic Stieptococci which 
deci eases the invasive capacity, or virulence, of the bactena These changes 
are stuctly conditioned by the piesence of the drug and aie leversible upon 
withdiawal 


Table VIII 

CLINICAL SUMMARY Or A TEMALE, AGE 20, SUrrERING TROM BACTERIEMIA, WHO HAD NO 
ANTIBACTERIAL ANTIBODY, AND WHO REQUIRED ANTIBODY IN ADDITION 
TO SULrANILAMIDE TO ETrECT STERILIZATION 



Sulfanilamide 


Blood 



Days 

Dosage 

Blood Level 

Transfusions 

Cultures 


Remarks 

1 

* 



Pos 

T 

104° F , P 140 

2 

04 






3 

6 0 

11 0 




Irrational 

4 

63 

69 

Nommmune 350 cc f 

Pos 

T 

103° F , P 120 

5 

6 3 

10 9 

Immune 500 cc $ 

Pos 



6 

70 

59 

Immune Serum 260 cc 

Neg 



7 

0 



Neg 

T 

99° F, P no 

8 

0 






9 

0 




T 

98 6° F , P 80 


* Patient received 40 cc “prontosil” and was then changed to sulfanilamide by mouth 
f Phagocytic titer o — 0% (25 cells counted) 
t Phagocytic titer 236 — 88% (25 cells counted) 


Different strains of Stieptococci vary 111 their susceptibility to this effect 
of sulfanilamide Some strains are so alteied by the drug that normal blood 
is bactericidal for these strains even in the absence of specific antibody Other 
stiains aie affected so slightly that the bactericidal mechanism still depends 
upon the piesence of antibacterial antibody foi the sti eptococcidal effect, but 
it is believed that the efficiency of the antibody is increased foi organisms of 
this type which have been giown 111 sulfanilamide 

It has been found that patients with sustained bactenennas and no anti- 
bacterial antibody are inadequately treated by the use of sulfanilamide alone 
The experimental and clinical evidence indicates that effective therapy for this 
type of infection should consist of sulfanilamide and the mtiavenous injection 
of specific antibactei lal antibody by the immunoti ansfusion technic 

CONCLUSIONS 

(1) Sulfanilamide has been found to lendei human virulent stiains of 
hemoljtic Stieptococci more susceptible to the bactericidal action of human 
blood, and this effect is leveisible upon withdiawal of the drug 

(2) Antibactei lal antibody is necessaiy 111 addition to sulfanilamide in 
the ti eatment of certain types of sustained hemolytic streptococcal bactenennas 
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DISCUSSION or THE PAPERS Or DOCTORS LOCKWOOD, LONG AND BLISS, 

AND LYONS 

Dr Dean Lewis (Baltimore, Md ) I am not a therapeutic optimist 
When Doctoi Long began his experimental work with this drug, I waited 
lather anxiously for a case which would be a true test of the therapeutic 
efficacy of the drug I should ask Doctor McFee to say something about this 
case, foi he may believe that the results would justify me in becoming a 
theiapeutic optimist 

The patient was operated upon in 1930 He had an otitis media, and 
subsequently a mastoidectomy was performed Chills and fever developed 
and the jugular vein was ligated became of thrombosis Pain developed in 
the light hip Blood cultures revealed a beta-hemolytic Stieptococcus It is 
not necessary to give a detailed history In 1931, a suppurative arthritis of 
the light sacro-ihac joint developed An abscess was opened and 150 cc of 
thick pus lemoved No lough bone was felt In 1931, the patient was dis- 
chaiged fiom the hospital with a sinus Subsequently the right sacio-ihac 
joint was diained, the light wing of the ilium was removed, and a diagnosis 
of a chronic suppuiative arthutis of the sacro-ihac joint made He did not 
unpiove rapidly and was sent to Rolhei’s clinic in Switzerland In 1936, an 
abscess beneath the light iliac muscle was diained Abscesses were also 
drained which were located in the deep muscles of the back After this long 
clinical couise he came to the Johns Hopkins Plospital The Proteus organ- 
ism and a Stieptococcus weie found Forty-eight hours after the first dose 
of sulfanilamide, the temperature became normal The character of the 
dischaige from the 15 dischaigmg sinuses changed and became thin and pink 
in color Within six months the boy had gamed 62 pounds and the discharg- 
ing sinuses had healed The patient has gone to a boys’ camp in New Hamp- 
shne, and Doctor McFee told me this morning that the boy is now in New 
Orleans About all theie is to lemind one of his serious illness is a peculiar 
Chaihe Chaplin-like walk This case furnishes a true test of the efficacy of 
this diug Ever since, I have been looking for a case of Streptococcic osteo- 
myelitis, such as that winch occurs in childien and otten runs the clinical 
couise ot suppuiative arthritis, foi I am quite certain that the clinical course 
would be modified by the diug, and it is quite possible that if a sequestrum 
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formed, it could be sterilized, and that the sequestium would then behave as 
a bone tiansplant 

Dr Richard H Miller (Boston, Mass ) As one may infer from what 
Doctor Lyons has said, we believe that the effect of the sulfanilamide is not 
dependent on any stimulation of the 1 eticulo-endothehal system, or to any 
depreciation of toxin formation, but more piobably to an alteration in the 
chaiacteristics of the capsule of the Streptococcus 

Furthermore, it seems to us that the effect of sulfanilamide is variable, 
depending on the blood culture and also depending on the piesence, in some 
instances, of an anti-bacterial antibody Certainly, Doctoi Lyons has been 
dramatically successful in saving some cases by employing blood transfusions 
in addition to sulfanilamide 

One more minor practical point may be spread by you to professional 
colleagues in consultations and conveisations That is, they must not allow 
themselves to have a false idea of secunty because they are employing sul- 
fanilamide All the ordinary measures of surgery, m addition to the use 
of this drug, must be used 

I should like to add one other point which brings me, I am afraid, into a 
little disagieement with Doctor Long, because I was going to say that we are 
quite against the use of sulfanilamide in any ambulatoiy cases I had it in 
my mind to say that we would not advocate its use except in hospitalized 
patients, wheie we could make, at the necessary mtei vals, the proper blood 
examinations, detei mination of the red and white count, and, if necessary, the 
condition of the phagocytes and perhaps the blood level of the sulfanilamide 
itself 

Dr Evarts A Graham (St Louis, Mo ) There are just two points 
that I should like to comment upon in legard to this symposium 

One is that I think perhaps all of the emphasis should not be placed on 
the therapeutic value of sulfanilamide If we will recall the first experi- 
ments made with this diug by Domagk, we will lecall that he found that this 
agent was much more effective m the prevention of Streptococcus peritonitis 
than it was in the cure of the disease after it had been produced 

As practical surgeons, I think that this point deserves a considerable 
amount of emphasis and so I am duving it home, if necessary For several 
months now, we have been using it at the Baines Hospital almost as a routine 
in cases in which we might have occasion to predict a flare-up of a strepto- 
coccal infection by operation We have used sulfanilamide as a piophylactic 
measure beginning two days before the operation 

I have had the opportunity to observe what seemed to me rather sti iking 
lesults m the fact that m a considerable number of cases of chronic empyema, 
in which it was necessary to perfoim rather an extensive operation, with large 
incisions, going in the neighborhood of or passing through a sinus of the 
chest, already infected, it was possible by the use of sulfanilamide as a 
prophylactic measure to have these wounds healed by pnmary intention 
Again, I have seen this same event occur m other parts of the body where 
it was probable that a sevete streptococcal infection would take place as the 
lesult of an operation opening into an already infected field It would seem 
to me that this principle might have a bearing upon problems which confron 
neurologic suigeons in brain abscesses, often and perhaps to an even greater 
extent, a bearing upon many of the problems which the gynecologist faces or 
the obstetrician, if you will, in dealing with latent infections of the pelvis m 
which subsequent operations are necessarily performed We think we hav 
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noted much better healing after mtrathoiacic operations, other than chronic 
empyemas, as the lesult of the prophylactic use of this agent, notably, for 
instance, in lobectomies 

The dose has been something which has bothered us I don’t know 
whether any of the speakeis this afternoon would be able to enlighten us on 
what might be regarded as a suitable piophylactic dose We have tried em- 
pmcally several doses and seveial methods of administration Now we ordi- 
narily, because of our ignorance and lack of knowing what might be best, 
give the drug in a latio of a twentieth of a gram pei kilogiam of body weight 
parenterally, and we give about 500 cc slowly, subcutaneously, to the patient 
while he is on the operating table We begin the administration of the diug 
preferably about two days befoie the operation and we continue it paiticularly 
while the patient is on the operating table 

There is just one other point I wish to mention and then I am thiough 
Until last summer, I had never had the good foitune to see a patient with an 
acute suppuiative pylephlebitis following an acute appendicitis lecover 
Others, of couise, have seen such patients lecover but I have never had that 
good foitune It happened, however, that inside of six weeks, two patients 
developed this condition in the Baines Hospital, both of them with jaundice, 
both of them with chills and high fevei In despeiation, we thought we would 
take a chance on sulfanilamide I couldn’t be veiy optimistic about it but, 
at any rate, we used sulfanilamide on these two patients and they both made 
a lapid and uneventful lecovery 

Dr Allen O Whipple (New Yoik, N Y ) I wish to pay tribute, to 
Doctoi Lockwood foi the woik that he has been cai lying on during the last 
two yeais, and I would like to say that he illustrates the possibilities of a 
lesident conti lbuting fundamentally and soundly to scientific woik and at the 
same time developing into an excellent surgeon I also would like to empha- 
size the impoitance of an adequately supei vised bactei lologic laboiatory woi Ic- 
ing in the surgical depaitment, headed by a man who undei stands both suigery 
and bactei lology 

I think Doctoi Meleney deseives a great deal of ciedit for the stimulus he 
has given, not only to us at the College of Physicians and Surgeons, but to 
the othei clinicians in advancing this type of work 

As an example of the teamwoik that can be developed Doctoi Lockwood 
was one of a committee, at the Piesbyterian Hospital, which supervised and 
leviewed all of the cases in which the admimstiation of sulfanilamide was 
advised The patient was not given sulfanilamide until one or more mem- 
beis of that committee had seen the case and advised its employment As a 
lesult of that, a great deal of the heltei -skelter and hit-01-miss therapy that 
has been earned out in a good many places with sulfanilamide was, I think, 
avoided 

This is a diug that cairies with it possibilities foi haim as well as for 
good, and in laige hospitals, paiticularly, the woik should be carefully supei - 
vised by both the medical and the suigical and the laboratory groups 

Dr J Shelton Horsley (Richmond, Va ) I would like to refer to a 
cute by sulfanilamide of a case of Stieptococcic peritonitis by Dr John S 
Iloisley, Ji The diagnosis was apparently appendicitis, but at operation the 
appendix appealed giossly noimal Theie was a laige amount of free, tuibid 
fluid which contained Stieptococci and other evidences of pentonitis The 
case was tieated with sulfanilamide and the lecovery was diamatic 

As legal ds piepaiatoiy treatment, sulfanilamide is apparentl) not directly 
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bactericidal, but it seems to affect the capsule of the bacteria, lendering them 
more vulneiable to the phagocytes In the Cohbactiagen of Steinbeig, we 
have an excellent preparation for the prevention of peritonitis Undoubtedly, 
it has a gieat deal of ment, and as Steinbeig has shown, it is, of course, not 
a bacteiicidal prepaiation but it inci eases the number of phagocytes, and 
stimulates their activity and then effectiveness If this Colibactragen is used 
in established peritonitis, it has no effect The toxins of peritonitis seem to 
depress the phagocytes aftei peritonitis has been established Sulfanilamide 
in some way seems beneficial both as a preventive and as a curative agent 


Dr Vernon C David (Chicago, 111 ) As far as I know, there has been 
no suggestion made that virus diseases may be beneficially influenced by sul- 
fanilamide I would like to report several experiences, in principle, that 
seemed to indicate that there are some beneficial effects from the use of 
sulfanilamide m lymphogranuloma inguinale Any of you who have had 
experience with the treatment of that disease know that it is highly resistant 
to treatment of any type that we know of 

A few months ago, I saw a patient who had a very well developed rectal 
infection with lymphogranuloma inguinale, and for whom all the known 
methods of tieatment had been employed, such as ammonium and potassium 
tartrate, the luetic treatment, etc , none of which had resulted in any im- 
provement 

Doctoi Knight, of Chicago, suggested, aftei the failure of any therapeutic 
benefit from any of these methods, that we might try sulfanilamide “Well,” 
I said, “I think it’s all right to use,” and piomptly forgot about it About two 
months latei, a doctor fiom the town in which this man lived wiote me and 
said that he had examined the patient, whom I had advised to have a colostomy 
pei formed for a lymphogranulomatous infection of his rectum, who, as far 
as he could discover by examination, was well At my lequest the patient 
returned, and on examination showed very little evidence of the disease 
Now, that would be only suggestive, but at that time we had in the 
hospital a boy with a deep, progressive infection of the ischiorectal fossa which 
had involved the adductoi region and which was accompanied by a secondary 
hemoirhage, for whom deep 1 oentgenothei apy, taitar emetic and antiluetic 
treatment, treatment Frei antigen and everything else had been administered 
that we could think of, without any result whatsoevei Biopsy showed no 
carcinoma or tubeiculosis The Fiei test was positive 

We therefore staited this boy on sulfanilamide, giving him 20 gr , in- 
creasing it 20 gr a day until he had 90 gr a day foi three days , then allow- 
ing him to rest for two 01 tlnee days, and repeated this regimen seven differ- 
ent times Fie immediately started to improve, and I had the pleasure of 
showing him to some of the men 111 this audience the other day, he is, appar- 
ently, entirely well 

Coincidentally with that, there have been about three or four othei patients 
who have been treated the same way and all had evidenced marked nn- 
piovement I would suggest, 111 these very intractable cases and in the rather 
hopeless situation in instances of lymphogranuloma inguinale, it might be worth 
while to try this diug 

Dr David E Robertson (Toionto, Canada) The use of sulfanilamide 
has become w'orld wide, and one reads nothing but good results from its 
administration There is no denying the fact that following its administration 
there have been brilliant and picturesque recoveries made It is equally true 
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that the drug is apparently wholly ineffective in other cases, e\en in instances 
where a high level of concentration is maintained in the blood 

One must remember that before the use or the knowledge of this diug 
existed, spontaneous recoveries did occur in streptococcal infections I con- 
sider the drug is an agent that may be of the greatest use m the tieatment of 
certain streptococcal and other infections, but it would be interesting to see 
a record in those cases in which it has failed to change the course of the 
disease 

Dr Erwin R Schmidt (Madison, Wis ) I would like to call attention 
to one phase of this subject At our hospital, our anesthetists are extremely 
reluctant to put any people asleep who have had sulfanilamide and have had 
cyanosis. 

They have a ceitain degree of anoxemia and in these cases where you 
have a short operation to perform, if you give them light anesthesia, such as 
nitrous oxide and oxygen, the chance for producing and increasing anoxemia 
is very definite 

Dr Arthur M Shipley (Baltimore, Md ) I would like to report one 
experience that has not been touched upon The patient had a very active, 
localized pelvic inflammatory disease I attempted to effect vaginal drainage 
A short incision had only been made through the mucous membrane of the 
vaginal wall, when an alarming hemorrhage was encountered, which it took 
me thiee-quarters of an hour to control I actually had to split the entne 
posterior vaginal wall She was very cyanotic and the anesthetist was very 
much concerned during the whole procedure, although she was not half as 
frightened as I was However, the patient recovered from the cyanosis, 
hemorihage, operation and anesthetic 

The collection of pus, however, increased in the pelvis, so that later, it 
could be approached through a left McBurney incision Her cyanosis had 
disappeared at the tune of the second operation, and she had no unusual bleed- 
ing The operation and drainage were accomplished without difficulty 

The relationship of intractable bleeding to the cyanosis, incident to the 
administration of sulfanilamide, has not been touched upon today and I would 
like to call attention to it 

Dr Ralph R Mellon (Pittsburgh, Pa ) I should like to inquire of 
Doctoi Lyons lelative to what he said about the mechanism or action of the 
drug, namely, acting on the organism and so altering the surface capsule as 
to permit it to become phagocytic If that really is an adequate explanation 
of the mechansim, why is it that Levaditi and others have shown that if the 
diug is injected directly into the peritoneal cavity of mice, these mice are not 
saved, but if it is injected subcutaneously or orally, the mice are saved’ 

Furthermore, why is it possible, if this mechanism is correct, to add the 
diug in high concentrations to Streptococci m the test tube and then, the mice, 
being injected with these organisms, are still not saved even though pre- 
mobilization of the phagocytes have been bi ought about 7 

Dr John S Lockwood (closing) As far as the practical application of 
sultanilanude theiapy in surgical infections is concerned, our own experience 
has been quite similar to that of Doctor Long, and I am inclined to subscribe 
to the principles that he presented so clearly We have not used the very 
laige initial doses which he recommends but there is certainly a good deal 
ot lationale in so using the drug 

I do not think we will attempt, on this occasion, to unrav el the differences 
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of opinion on the action of sulfanilamide which have been pi omulgated 
Perhaps it is not surprising that theie should be almost as many differences 
in the understanding of the action of the drug as there are people working 
with this matenal 

There are certain points, however, that I would like to bung up with 
respect to the situations in which the action of the diug is limited We had 
a baby of n months with a pnmaiy Streptococcic peritonitis, who was treated 
with sulfanilamide and whose pentomtis cleaied up very dramatically 
However, during the course of intensive sulfanilamide therapy, this child 
developed a suppurative phlebitis of the saphenous vein, and out of the 
localized abscess which foimed over it weie cultivated perfectly normal, viru- 
lent-looking Stieptococci In addition, this child, whose initial septicemia 
had been cured, developed from that phlebitis a recurrent septicemia which 
continued in spite of continued drug theiapy foi many days She eventually 
1 ecovered 

It did seem, however, in that case and in a number of other instances, that 
the presence of an infected thiombus in a large vessel militates veiy strongly 
against satisfactory results with sulfanilamide in curing a bactenemia 

In our own expenence, it has been possible for us to believe that, in cases 
of bacterienua which have failed to lespond to the diug, theie was a definite 
element of suppurative phlebitis Perhaps it is because the drug does not 
get at the blood clot and the organisms m the clot 01 thiombus, 01 it may be 
foi some other reason 

Doctor Lewis mentioned a veiy interesting patient with a very prolonged 
infection We had, at the Piesbytenan Hospital, a patient of Di Hugh 
Auchincloss’, who had a very similar infection In fact, these two childien 
came down with the disease within about a week of each other and their cure 
was effected at just about the same time This patient of ours had gone along 
for six years, dui mg which time she had been in the hospital almost con- 
tinuously Her lesponse was equally diamatic, perhaps more rapid because 
the extent of her disease was not quite so great as it was in Doctor Lewis 
case 

Certainly, sulfanilamide has seemed to have no effect on localized Staphy- 
lococcic infections However, lepoits in the hteiature and the limited 
experience of our own hospital have suggested that sulfanilamide may actu- 
ally have a leal place in treating invasive Staphylococcic infections where a 
high degree of localization with tissue bieak-down and pus formation have 
not occuired, factors which even with Sti eptococcic lesions are thought to 
interfere with the action of sulfanilamide 

Therefore, I think that in early cases of Staphylococcic osteomyelitis, bac- 
teriemia, and in cases of Staphylococcic cellulitis wheie there is no localization, 
tieatment with sulfanilamide in the same way as we are using it for Strepto- 
coccal infections is indicated and may possibly produce favorable results, 
wheieas, it will fail to woik in localized carbuncles and abscesses 

Dr Perrin H Long (closing) Sulfanilamide is so widely used that I 
cannot lesist telling a story that I heard m the Johns Hopkins Hospital exactly 
a month ago 

A resident fiom one of the leading Boston hospitals had lunch with me 
He said, “You know, the other night at staff meeting, oui resident was going 
over the recouls and he said, ‘Say, do you know what I think’ I think we c 
bettei just give everybody who comes to the hospital sulfanilamide and 1 
they’re not -well m five days, then we’ll do a physical examination 

I do not think we have gotten quite to that point, but we have come to 

826 



■\ illume 10S 
Numbir 1 


SULFANILAMIDE THERAPY 


the conclusion that if a patient is severely ill and shows the clinical signs of 
infection which are responding to sulfanilamide, then it is better to treat 
the patient with sulfanilamide rather than to await the bacteriologic con- 
fu mation of the clinical diagnosis If this is done, valuable time will not be 
lost and a fatality may be pi evented If, in such an instance, the bacterio- 
logic results do not confiim the clinical impiession, then sulfanilamide could 
be discontinued and no harm will be done 

In the Johns Hopkins Hospital we have had only one patient, who had 
adequate sulfanilamide theiapy, die I think in our Sti eptococcal infections 
this is the only case who should have gotten well and who did not 

We believe that this is probably due to our high dosage and our insistence 
on high blood levels We can show m mice, which have no natuial resistance 
to speak of (many of them have none at all), that theie is a definite relation 
between the height of the blood level and recovery from Sti eptococcal infec- 
tions In the clinic, inadequately treated patients, in our experience, do very 
badly 

Recently, there was a very interesting aiticle that appealed in the Canadian 
Journal of Medical Research It has nothing to do with bactena but it has 
to do with tomato plants Doctor Marshall told me about this paper yestei- 
day coming up on the train, in which it was shown that minute amounts of 
sulfanilamide stimulated the giowth of tomato plants It might tuin out 
that veiy minute amounts of sulfanilamide might stimulate the growth of 
bacteria because sulfanilamide in tomato plants behaves very much as a 
plant hoimone does So I cannot insist too much on our idea of high sulfa- 
nilamide blood levels until the infection is under control, and once under con- 
tiol, then we believe that you should discontinue the diug as quickly as 
possible with safety 

Dr Champ Lyons (closing) In answer to Doctor Mellon’s question 
I do not believe Sti eptococcal infections in mice aie entirely comparable to 
Sti eptococcal infections in man, foi a number of reasons which cannot be 
gone into at this time The disci epancy which he mentioned I believe is due 
to the fact that Stieptococci must be giown continuously for a period of time 
in the presence of sulfanilamide to maintain this attenuation of virulence, 
and that in diminishing 01 low concentrations of the drug, they revert imme- 
diately to the virulent phase 

I should like to say, in leply to Doctor Robertson’s remark that many of 
his patients have died, that I believe it likely that they are patients who had 
no antibody Theie aie two things, in addition, which I should like to bring 
up Fust of all, patients who receive blood tiansfusions while they are re- 
ceiving sulfanilamide therapy should have a deteimination of their com- 
patibility made with then blood containing sulfanilamide We have had a 
few instances in which it looked as if the sulfanilamide in the blood had 
alteied the compatibility of the blood for leceiving tiansfusions 

The second point is that sulfanilamide therapy used for piophylactic pur- 
poses requues that the Stieptococci must grow in it for a period of time 
befoie it can exeit its piophylactic effect A year or so ago, a repoit was 
made on the use of sulfanilamide m the treatment of 16 patients with colon 
bacillus pyelitis Four of these patients developed an acute hemolytic Strep- 
tococcus sore tin oat dui mg treatment The subsequent course of the disease 
was benign and they lecoveied, but normal Stieptococci ueie able to implant 
themseh es on a body tissue alieady saturated with sulfanilamide After 
giowing m the piesence of the diug, they were altered and killed 
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FROM THE JAMES BUCHANAN BRADA UROLOGICAL INSTITUTE, JOHNS HOPKINS HOSPITAL BALTIMORE MD 

The following case, and the accompanying chart which contains exhaust- 
ive clinical details, emphasize the value of sulfanilamide m complicated renal 
infections following postoperative septicemia, and demonstrate the importance 
of chemical and bacteriologic studies in order to direct the treatment in- 
telligently 

Case Report — B U I No 26884 W E M , male, age 59, entered the Brady 
Urological Institute April 26, 1938, complaining of difficulty and frequency of urination, 
and, recently, complete retention His general condition was excellent Examination of the 
chest and abdomen was negative Blood pressure 130/95 , pulse 88 The peripheral 
vessels were moderately sclerotic The genitalia were negative Rectal examination 
revealed a considerably enlarged, smooth, elastic prostate with areas of induration m the 
lateral lobes and also in the seminal vesicles Prostatic secretion, obtained by massage, 
contained pus cells Diagnosis Benign prostatic hypertrophy and prostatitis A posterior 
cysto-urethroscope entered easily and recovered 20 cc residual urine The capacity of 
the bladder was 300 cc Rounded median and lateral lobes were present and partially 
obscured the trigone which was moderately hypertrophied The ureteral orifices appeared 
normal 

The patient left the hospital for four weeks and returned May 27, 1938, for operation 
At the time of readmission, the retention of urine was complete and, on catheterization, 
1,050 cc were recovered On the following day, catheterization was again necessary, 
900 cc urine being removed Cultures of the urine were reported sterile, but on May 
28, 1938, the temperature rose to 101 4 0 F The phthalein test showed an appearance 
time of six minutes, and half-hour excretions of 50, 12, 8 and 5 per cent, making a total 
of 78 per cent in two hours Blood urea 28 mg , hemoglobin 90 per cent, white blood 
cells 7,600 The urine was clear, acid, specific gravity 1 010, no albumin or sugar , no 
white or red blood cells or bacteria were found on microscopic examination On May 29> 
1938, the temperature did not go over 100° F, and on the following day the patient was 
afebrile Culture of the urine was again reported sterile 

Opeiatioii — May 31, 1938 Dr Hugh H Young Under spinal anesthesia, the 
prostate was exposed through a curved perineal incision An incision through the apex 
of the prostate on the right side was made for introduction of the tractor, and the lateral 
and median lobes were easily enucleated through bilateral capsular incisions The 
hemorrhage was slight, but the Davis bag and tube were inserted for hemostasis an 
drainage After approximating the lexator am muscles with plain catgut, the skin was 
closed with interrupted sutures of silk, and drainage was provided through the right- 
angle of the wound There was no appreciable change in the blood pressure or pulse 
during the operation Microscopic examination of the tissue removed showed benign 
prostatic hypertrophy and chronic prostatitis 

Subsequent Course — The patient was returned to the ward in good condition, ut 
by midnight the temperature had risen to 101 4 0 F Nu merous clinical and laborator y 

* Part of this work was made possible by a grant from the Labor Foundation 
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data, together with the temperature curve, are detailed in Chart i, on which is recorded 
the condition of the patient from day to day, the hemoglobin, amount of fluid taken by 
mouth, subcutaneously or intravenously, the dosage of sulfanilamide and sodium bicar- 
bonate, the blood sulfanilamide in milligrams per cent, the carbon dioxide combining 
power, and the blood transfusions Many of these data, theiefore, have been omitted 
from the daily comments on the patient’s progress The chart graphically shows the 
onset of septicemia and suppurative nephritis , sterilization of the blood by chemotherapy, 
but persistence of the nephritis, culminating in uremia, the excellent effect of sulfanila- 
mide, until the patient developed acidosis and a marked drop in hemoglobin, which 
required blood transfusions 

June i The patient had a chill and rise of temperature to 1038° F at 4 am A 
blood culture was taken and subsequently showed a massive growth of B Aeiobactei 
aero genes ( B lactis aeiogenes ) The temperature dropped to normal, but by 8 pm it 
had reached 102 8° F The Davis hemostatic bag and tube were then removed 

June 2 At 8 a m the temperature was 102 8° F Blood cultures taken at this time 
again showed B Aeiobactei The abdomen was distended and both kidneys were markedly 
tender The blood urea had risen to 40 mg In order to combat the septicemia the 
patient was given an intravenous injection of 15 cc of 1 per cent mercurochrome at ix 
A m There was the usual “postinjection” rise of temperature, which reached 104° F 
at 8 p m , followed by a rapid drop, which reached 99° F at 8 am the following day 
Cultures taken on June 2 and 3 were still positive, but the number of colonies had 
greatly diminished 

June 4 The patient appeared desperately ill He was toxic, drowsy, hiccoughing 
and perspiring profusely The temperature was 1042° F There was little secretion of 
urine and the blood urea was 124 mg Blood cultures taken at 10 a m were reported 
positive At 9 p m the patient was given sulfanilamide (Prontylin) 36 Gm by mouth, 
and sodium bicarbonate, 1 Gm His condition was so desperate that a transfusion of 
600 cc of citrated blood was given, as shown in the chart, which records all the labora- 
tory reports 

June 5 The patient continued toxic, drowsy, nauseated and unresponsive The 
temperature was 103° F The blood urea was still elevated (92 mg ) A blood culture 
taken at 9 30 a m was reported sterile At 11 am the patient was given sulfanilamide, 
Gm 13, and sodium bicarbonate, Gm 1, in water (150 cc ) This dosage was repeated 
at 4 30 and 10 p m 

June 6 The patient was somewhat better, there was more urinary drainage and less 
tenderness over the kidneys Blood urea 100 mg , hemoglobin 84 per cent The free 
blood sulfanilamide was 5 7 mg per cent The patient was markedly cyanotic The 

CO. combining power at 9 30 a m was 40 volumes pei cent The patient was given 

sulfanilamide, Gm 2 6, and sodium bicarbonate, Gm 2 

June 7 The patient remained very drowsy and showed clinical evidence of acidosis 
The free blood sulfanilamide was 47 mg per cent The blood urea was 84 mg The 

temperature varied from 98 8° to 101 6° F Although the blood cultures had been 

reported sterile, it was apparent from the continued high blood urea and marked evidence 
of uremia that a renal infection (pyelonephritis) was present and that continuation of 
sulfanilamide therapy was imperative The patient was given sulfanilamide, Gm 3 8- 
and, on account of the acidosis, sodium bicarbonate, Gm 7, in divided doses The fr cc 
blood sulfanilamide was 4 7 mg per cent The urinary output increased to a good 


volume 


June 8 The temperature ranged from normal to 100 8° F The blood urea droppe 
slightly to 76 mg The blood sulfanilamide was 62 mg per cent, but the patient was 
very cyanotic, obviously in marked acidosis, restless with deep respirations, nevertheless, 
on account of the evident suppurative nephritis, sulfanilamide was continued, Gm 26, an< 


sodium bicarbonate, Gm 36 .. 

June 9 The patient continued restless and drowsy, acidotic, but took fluids " e 
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Ihc blood urea was 68 mg The C0 2 combining power had dropped to 37 volumes per 
cult On this account the sulfanilamide was discontinued The patient was given 
sodium bicarbonate, Gm 8, m divided doses 

June 10 1 he patient showed marked anemia (Hb 64) and was given 600 cc citrated 
blood, and sodium bicarbonate, Gm 6 No sulfanilamide was given The temperature rose 
to 103° F, but the blood culture remained sterile 

June 11 The patient was improved The hemoglobin was 85 per cent and the blood 
urea 64 mg There was no evidence of acidosis, but the temperature rose to 102 6° F , 
and it was apparent that additional sulfanilamide was indicated to combat the renal 
infection The patient was given sulfanilamide, Gm 1 3, and on the following day the 
blood sulfanilamide was 5 3 mg per cent This was accompanied by a drop in tempera- 
ture, the highest being 100 6° F After this the patient was given intensive treatment 
with sulfanilamide and the temperature rapidly approached normal, as shown in the chart 
June 12 The patient was given sulfanilamide, Gm 38, and sodium bicarbonate, 
Gm 4 

June 13 Sulfanilamide, Gm 38, and sodium bicarbonate, Gm 3, were given The 
blood sulfanilamide was 5 5 mg per cent The blood urea was 52 mg 

June 14 The temperature was normal and the patient felt fine The tenderness 
over the kidneys had disappeaied The blood urea was 48 mg The patient was given 
sulfanilamide, Gm 3 8, and sodium bicarbonate, Gm 3 

June 15 The temperature, pulse and respirations were normal The patient sat up 
in bed, and his appetite was excellent, but regardless of his general condition it was 
considered unsafe to discontinue the sulfanilamide He was given sulfanilamide, Gm 3, 
and sodium bicarbonate, Gm 3 

June 16 Inasmuch as the patient continued to improve, sulfanilamide was dis- 
continued By June 21, the blood urea had become normal, blood pressure 130/70, 
hemoglobin 85 per cent The patient's general condition was excellent and he voided 
2,950 cc of urine in 24 hours 

June 27 to July 8 The patient continued to improve The perineal wound, treated 
frequently with 2 per cent mei curochrome, had healed and he voided about 4,000 cc of 
unne daily Blood urea 36 mg , hemoglobin 85 per cent The phthalein test showed 
excellent renal function, which was the same total as on admission, but cultures of the 
urine still showed the piesence of B Aciobactci aoogenes and a few white blood cells 
The patient left the hospital on July 8, 193S The operative result was excellent and he 
was voiding normally On September 25 he was reported to be well 

Discussion — Clinically, the patient appealed to have completely lecoveied 
f 10m lus lenal infection, but it was not detei mined whether the infection was 
etituely vesical 01 also involved the kidney It is evident that a massive blood 
stieam infection developed shoitly after opeiation, as a lesult either of bacteria 
involved in the clu 0111c piostatitis, 01 the cathetenzation be foie operation which 
was followed by fevei Not mfiequently, after uiethral instrumentation, cys- 
toscopy 01 even simple cathetei uation, a so-called “uiethral chill,” followed by 
high temperatiue and positive blood cultuies, occuis As a rule, the blood 
stieam infection is tiansitoiy, but in oui case it is apparent that a pyelonephi ltis 
developed rapidly, and presented the most senous problem duiing the postopera- 
tive couise The lapid mciease in blood uiea, the development of acidosis and 
the steady diop in hemoglobin piesented veiy senous pioblems which required 
the most painstaking laboiatoiy studies to detei mine just what foim of therap} 
was indicated fiom day to day The use of sulfanilamide was followed by 
a rapid sterilization of the blood, but the infection of the kidneys persisted, as 
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shown by the continuation of the tempeiatuie, the piogressive increase in the 
blood urea, the development of pronounced uienna and diop in hemoglobin 
To combat this, the continuation of an adequate dosage of sulfanilamide was 
necessaiy, but this piecipitated an acidosis which finally made it necessary to 
discontinue the sulfanilamide and greatly increase the ingestion of sodium 
bicarbonate When the acidosis was reduced, the continuation of the fever 
and high blood urea made it imperative to resume the sulfanilamide therapy 
which, fortunately, was followed by a progressive drop of the temperature to 
normal and was not accompanied by acidosis While undergoing intensive 
tieatment with sulfanilamide, the patient went on to rapid recovery, with a 
return of the blood urea and hemoglobin to normal Without the assistance 
of the laboratory to determine the blood sulfanilamide content and the C0 2 
combining power, as well as the various methods of estimating renal function, 
this case could, probably, not have been brought to a successful termination 

We are indebted to the Winthrop Chemical Company for the sulfanilamide (Prontylm) 
used in this case, and for a grant for research 
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THE TREATMENT OF INTRAPERITONEAL ABSCESS 
ARISING FROM APPENDICITIS 

Edwin P Lehman, M D , and William H Parker, M D 

University, V\ 

mow TJIF DFPARTMENT OF SURGERY AND GYNECOLOGV, UNIVERSITY OF VIRGIN!* 1IOSIITVL, UNIVFRSITr, V* 

Early in 1936, an abrupt change occurred at the University of Virginia 
Hospital in the method of treatment of abscess resulting from appendicitis 
Although for several years the practice had been followed of allowing poorly 
localized intraperitoneal infections to become definite abscesses before operat- 
ing, the conservative treatment of cases of appendicitis presenting a mass 
began at this time to be prolonged It was apparent that many of these cases, 
as shown by others, could be discharged from the hospital practically well 
without the necessity of operating These cases were instructed to return for 
interval removal of the appendix just as is the common piactice when ab- 
scesses have been drained surgically After two years of the practice it was 
thought wise to determine by an appraisal of the actual results whether in our 
hands expectant treatment of an appendiceal mass had justified itself The 
results of the appraisal seem to confirm the clinical impression that this 
method is the method of choice 

Material — The material on which this analysis is based consists of all 
cases of acute appendicitis admitted to the hospital during the five year period 
I 933 -I 937 > a total of 1,069 cases Only those cases are included which, after 
appendicectomy, were reported by the pathologist as showing microscopic 
changes of acute disease, or that without operation presented a clinical pic- 
ture to be defined This resulted in the exclusion of all cases of frank or 
doubtful chronic appendicitis In 240 of the 1,069 cases, infection had spread 
beyond the appendix as described below One hundred and eighty-one cases 
of the 240 were diagnosed as intraperitoneal abscess 

Classification — In agieement with Schulhnger’s 1 implications, it is felt 
that lack of clarity and uniformity of definition of the pathologic stages of 
appendicitis is partly responsible for widely differing opinions on treatment 
following perforation For this reason a careful attempt has been made to 
define the grades of appendicitis as classified m the present study Whenever 
possible, an individual case has been placed 111 the less advanced group For 
instance, many cases of pei foration, which recovered promptly following early 
operation, are classified as simple acute appendicits, inasmuch as they pre- 
sented no evidence of an established peritonitis 3 Although more careful 
study has been given to the hospital records of the 240 cases with extra- 
appendiceal peritoneal infection, the operator's note, the pathologist's report 
and the temperature chart have been reviewed in the remaining 829 histories 
The cases have been grouped in three classifications (Table I) 
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Group I — Simple Acute Appendicitis In the cases in this group opera- 
tion was peifoimecl immediately on admission to the hospital They include 
(a) Cases which piesented on microscopic examination acute or subacute ap- 
pendicitis without peifoiation, (b) cases piesenting perfoiation 01 gangrene of 
the appendix, in which the postoperative course demonstrated no independent 
peritoneal infection, and (c) cases piesenting peiforation at operation, in 
which the appendix was completely sepaiated fiom the general pentoneal 
cavity by being enveloped in the omentum 

Group II — Appendicitis With Abscess This group includes (a) Cases 
that presented an abscess at operation, and (b) unopeiated cases, which on 
admission piesented a charactenstic clinical picture, le, a typical history, 
definite sepsis, localized tenderness and the outline of a mass in the right lower 
quadrant 

Although it may well be pointed out that the diagnosis of appendicitis was not proven 
m these latter cases, yet the fact that the masses disappeared under conservative treatment 
with accompanying disappearance of the signs of sepsis argues strongly against their 
having been confused with other less common causes of right lower quadrant tumefaction 
Assuming that all the masses on which diagnoses were based were the result of appen 
dicitis, a doubt remains as to their all being true abscesses Many may well have repre- 
sented a diffuse inflammatory reaction agglutinating loops of bowel or a mass of omentum 
surrounding the diseased appendix Some observers 1 0 assume with no definite proof 
that any mass which disappears gradually without operation is ipso facto not an abscess 
Others 0 7 take the point of view, which seems more reasonable to us, that the line be- 
tween abscess and nonabscess cannot be clearly drawn from clinical criteria Whereas, 
doubt as to the presence of pus is unavoidable, it will be seen as the argument proceeds 
that the question is practically unimportant, since the choice of treatment must depend 
on the clinical findings, and the results of treatment are of significance only as they refer 
to the clinical findings With the implied reservation that true abscess may not always 
be present, the term will be used to designate the clinical class as defined above 

Gioup III — Appendicitis With Diffuse Pentomtis This gioup includes 
cases piesenting clinical evidence of pentomtis extending beyond the right 
lowei quadrant 

No attempt has been made to define the extent more accurately, inasmuch as on 
clinical and operative findings sharper definition is often impossible In this group is 
found a small proportion in which appendicitis has not been definitely proven as the cause 
of peritonitis Three or four cases of clinical general peritonitis have been excluded be- 
cause of atypical history or of some other possible source of peritonitis In many of the 
cases included in this group, localization of the infection to single abscesses occurred, 
these cases thereafter presented a problem similar to those of Group II 

Methods or Treatment — Five piograms of treatment have been recog- 
nized in the cases of extra-appenchceal involvement (Table I) 

Immediate Operation Foiced — Cases are included under this heading w 
which immediate operation was decided upon, not because of the stage of the 
abscess or the accepted current practice, but because of unmistakable indica- 
tions for surgical intervention 


834 



Volume 108 
Number 5 


APPENDICEAL ABSCESS 


In the abscess group, two cases presented with acute intestinal obstruction and one 
with a subcutaneous communicating abscess close to rupture These three cases obviously 
have no bearing on the problem of conservative versus operative treatment of abscess and 
will be no further considered except as they affect the mortality of the series 

Immediate Op eiation Elective — Opeiations m this group were performed 
on admission, paiticularly in the earlier yeais, on the basis of what we then 
considered established surgical pi inciples In the abscess group, they repre- 
sent cases presenting well localized masses of some days’ standing 

A few cases, especially those of the later years, represent instances of failure to diag- 
nose abscess preoperatively The term “immediate,” as applied in the abscess group, does 
not imply an emergency procedure , but all operations were done within 24 hours of ad- 
mission to the hospital 

Table I 


INCIDENCE or CHOICE Or THERAPEUTIC PROCEDURE BY YEARS 


Group I Group II 

Simple Abscess 

Acute 

Appen- Conservative 

dicitis Immediate Treatment Begun 
Operation 


Group III 
Diffuse Peritonitis 


Conservative 

Immediate Treatment Begun 
Operation 


Imme- Operation Operation 


diate 
Opera- 
Year tion 

Forced 

Elec- 

tive 

Elec- 

tive 

Forced 

No 

Opera- 

tion 

Forced 

Elec- 

tive 

Elec- 

tive 

Forced 

No 

Opera 

tion 

1933 202 

2 

39 

3 

2 

0 

0 

9 

4 

2 

1 

1934 128 

0 

25 

7 

1 

3 

0 

6 

1 

3 

1 

1935 164 

0 

23 

3 

3 

3 

0 

4 

1 

3 

0 

1936 148 

0 

8 

1 

6 

22 

0 

4 

0 

5 

3 

1937 187 

1 

3 

1 

5 

20 

0 

7 

0 

4 

I 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

Totals 829 

3 

98 

15 

17 

48 

0 

30 

6 

17 

6 


Conseivative Treatment Begun , Operation Elective — In this group are 
included the cases presenting marked sepsis and evidence of incomplete local- 
ization of abscess, which, after a few days of conseivative treatment, showed 
diminished sepsis and a sharply localized mass, and which were then operated 
upon as a matter of principle It was believed at the time of treatment that 
these cases had shown maximum nnpiovement and that, therefore, the opti- 
mum time for operation had arrived 

Conseivative Treatment Began, Opciation Foiced — This group includes 
cases presenting on admission evidence of either a well localized or a poorly 
localized abscess Undei conservative treatment the course of the disease took 
an unfavorable direction, and operation seemed indicated on unquestioned sur- 
gical principles 


These indications included acute intestinal obstruction, growth in size of the abscess, 
and threatened perforation of the abscess into the abdominal wall or the rectum, usually 
accompanied by increasing signs of sepsis The written opinion of the operator was not 
taken alone as proof positive of the enforced nature of the operation, but his opinion 
was combined with the recorded changes m the patient’s general and local condition 
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Consetvatvue Treatment Begun t No Opeiation — The cases in this group 
fulfilled the requirements for the diagnosis of abscess or diffuse peritonitis, 
and in none was operation performed before discharge 

Geneyal Conside>ations of Treatment — Expectant treatment followed the 
Ochsner 8 principles, modified by modern resources in maintaining physiologic 
balances Nothing is allowed by mouth until the highest daily temperature 
comes to within about one and one-half degrees (Fahrenheit) of normal, the 
mass has definitely shrunk, and tenderness is slight or absent, when sips of 
water are permitted Each day during the period of starvation at least 3,500 
cc of water, containing about 100 Gm of glucose and 13 Gm of salt, are given 
intravenously to the average adult If edema occurs, about 75 Gm of glucose 
are substituted for the salt The serum protein and blood chlorides are 
watched after the first week, and the daily urine volume throughout The 
actual intake of water and crystalloids is governed by these observations 
Transfusions are given freely as indicated by anemia, hypoprotememia or 
continued sepsis Morphine is employed until favorable progress is definite 
In the established abscess we see no value m Fowler’s position After water 
is started by mouth, other liquids may follow in a few hours and later a soft 
hospital diet, unless unfavorable symptoms intervene Enemata are used 
as sparingly as possible and duodenal suction is employed for distention and 
vomiting The patients are watched very closely for the signs that suggest an 
impending enforced operation In general, the patient is discharged when 
the temperatuie goes no higher than 99 o° F , and the mass has lost all its 
tenderness and can be felt with difficulty or not at all At this time the 
leukocyte count has usually approached, or reached, the normal level As 
expei lence increases with the method of prolonged conservative treatment, 
the indications for forced operation are becoming more strict Whereas, 
earlier a rise of temperature for a day or so might be interpreted as indi- 
cating a necessity for operation, now, moderate pyrexia must be accompanied 
by objective signs of spreading infection 7 

Except for choice of incision, technical operative procedures have been 
uniform Practically all operations have been performed under spinal anes- 
thesia, except in small children Two types of incision are used, the Mc- 
Burney, and a short right nndrectus with retraction of the muscle toward 
the right The appendix is removed whenever a search is not contraindicated 
by the patient’s general condition or, in a few instances, when it is judged 
the local peritoneal reaction should not be greatly disturbed With the excep- 
tion of not more than ten or 12 instances in this series, the peritoneal cavity 
has been drained only when actual granulation tissue is present In perforated 
or gangrenous appendicitis the wound is frequently drained to the level of 
the peritoneum 

Postoperative care has also been uniform All cases with peritoneal con- 
tamination, including the borderline cases placed m Group I, are treated for a 
few days by the methods used in nonoperative treatment 

Change in Method — The change in the preferential method of treating 
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abscess, from immediate operation m well localized cases or elective, delayed 
operation in those poorly localized, to nonoperative treatment in all cases if 
possible, forms the chief basis of comparison in the present study (Table I) 
It is seen that, during the years I 93 Z~ I 935 > only 22 3 P er cent of abscess 
cases were treated by conservative measuies at the outset, and only 6 per cent 
were carried through without operation Most of the former were cases 
poorly localized on admission, and of the latter, cases in which the abscess 
disappeared suddenly by rupture into the bowel, cases that refused operation 
and cases in which contraindications to operation existed By contrast, in 
the years 1936-1937, in 83 3 per cent of abscesses, conservative treatment was 
started, and 65 per cent were carried through without operation A few 
cases are seen to have been treated by elective operation during these latter 
years, the majority of these were in the somewhat transitional year of 1936 

The distribution of choice of methods of treatment in the diffuse peri- 
tonitis group (Table I) indicates no corresponding change in policy Through- 
out the five year period the preferential immediate treatment of diffuse peri- 
tonitis has been nonoperative, and deviations from this course have resulted 
from diagnostic difficulties and the varying nature of the material 

Methods of Statistical Analysis — Statistical Validation — No un- 
qualified conclusion, based on a comparison, is expressed unless the actual 
difference is more than twice the standard error of the difference, a ratio 
which is generally accepted as indicating a high probability of significance 
Those data in which statistical validation has not been attempted or in which 
its results show that no significance attaches to the differences presented, will 
be indicated in the text For purposes of clarity, the various standard errors 
have been omitted from the tables 

Mortality — The data presented bear largely on the appraisal of the re- 
sults of nonoperative treatment in abscess There is presented m addition a 
survey of the percentage incidence of admission of cases of all three groups 
year by year and of the corresponding mortality rates, for the purpose of 
furnishing a background for the special group to be considered, and of 
indicating the grade of success which the service attains in the treatment of 
appendicitis as a whole 

Morbidity — The measures of morbidity employed in estimating the re- 
sults of treatment are (1) Days of hospital stay, (2) days of fever, (3) days 
of duration of drainage, and (4) number of complications and sequelae 
The first three of these have been calculated only on the surviving cases The 
complications have been computed in both living and dead cases 

(1) Hospital Days These include the day of admission and the day of 
discharge 

In the few cases which were transferred from other services to the department of 
surgery, the hospital days were numbered from the date of consultation to the date of 
discharge from the hospital 

(2) Days of Fever Absence of fever has been strictly interpreted as 
representing the first day during which the mouth temperature did not 
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exceed 98 6° F at any of the four daily readings If after a day or two 
of noimal temperatuie, fever again appealed, these days were included as 
days of fever Inasmuch as many patients dui mg the last hospital day 
piesented mouth tempeiatuie readings slightly over 98 6° F , the exact dura- 
tion of fevei is often unknown This has been indicated by computing the 
percentage of patients in each group whose temperatures had not come down 
to a conventional, stnctly normal level befoie discharge 

(3) Days of Drainage The exact termination of drainage in the hospital 
is difficult to determine from the records, because of differing definitions of 
the teim Theie is oppoitumty for eiror in the averages computed, but the 
opportunity is equally distnbuted in each group studied and the errors should 
tend to cancel each other The problem of lack of knowledge of the ter- 
mination of drainage, when cases were discharged to the family physician 
for home care, has also been met by computing the percentage of cases drain- 
ing on discharge and not reporting to the hospital outpatient department 

(4) Complications and Sequelae (Table VI) The recorded complica- 
tions and sequelae, compiled from hospital notes and postmortem reports, 
have been divided into thiee categories (1) Complications and sequelae 
directly 1 elated to appendicitis through the spread of infection to the peri- 
toneum, the portal system or the wound, including abscess in the wound, the 
cecal gutter, the pelvis, the liver or the subphremc area, intestinal obstiuction 
during the acute phase of the disease 01 months later, paralytic ileus, fecal 
fistula and postoperative ventral hernia, (2) complications mduectly related 
to the disease, including pneumonia, pulmonary collapse, pleurisy, empyema, 
thiombophlebitis and suppurative parotitis, and (3) complications unrelated 
to appendicitis, such as diabetes, pregnancy, syphilis, fibromyoma uteri, etc 
The combined number of complications under the first two headings was calcu- 
lated pei patient in each group studied 

Miscellaneous — In addition to the comparisons of mortality rates and 
morbidity factois, two closely 1 elated problems have been investigated (1) 
The success of nonoperative treatment in the extieme age-groups as compared 
to that in the middle age-gioup, and (2) the apparent effect on the later 
history of the patient of the failuie to remove the appendix, both when an 
abscess was drained and when no opeiation was performed 


Table II 

INCIDENCE or TYPES OF APPENDICITIS ENCOUNTERED BY YEARS 

Appendicitis, Peritoneal Infection 



Simple 


Diffuse 


Total 

Year 

Acute 

Abscess 

Peritonitis 

Total 

1933 

202—76 5% 

46—17 4% 

16—6 1% 

62—23 5% 

264 

1934 

128—73 1% 

36—20 6% 

11—6 3% 

47—26 9% 

175 

1935 

164 — 80 4% 

32—15 7% 

8—3 9% 

40—19 6% 

204 

1936 

148—75 1% 

37—18 8% 

12—6 1% 

49—24 8% 

197 

1937 

187—81 7% 

30—13 1% 

12—5 2% 

42—18 3% 

229 

Totals 

829—77 5% 

181 — 17 0% 

S38 

59 — 5 5% 

240 — 22 5% 

1,069 
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Results — Mo> tahty m General — The distribution of diagnoses between 
simple and complicated appendicitis shows fluctuations fiom year to year 
(Table II) In intei pi etmg these figures, the stungent requirements for cases 
to be included in Groups II and III, as already defined, must be remembeied 
The apparently not unusual aveiage incidence of appendicitis with extra- 
appendiceal infection (22 5 pei cent) 111 this series must be interpreted as 
relatively high Although not statistically determined, it is believed that the 
inclusion of all perforated cases in these groups, under the definitions pre- 
sented by many other authors, could easily raise this peicentage to nearly 
40 per cent of the total cases It is interesting that Stone, 0 using the conven- 
tional division of appendiceal from exti a-appendiceal infection, lepoited 
from this clinic, in 1935, an incidence of 38 pei cent of peiforated appendices 

Table III 

MORTALITY BY TYPES Or APPENDICITIS AND BY YEARS 
Appendicitis Peritoneal Infection 

Simple Diffuse 

Year Acute Abscess Peritonitis Total Total 
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1933 

202 

O 

0 


46 

I 

2 

2 

l6 

7 

43 

8 

62 

8 

12 

9 

264 

8 

3 

0 

1934 

128 

2 

1 

5 

36 

3 

8 

3 

II 

6 

54 

5 

47 

9 

19 

1 

175 

II 

6 

3 

1935 

164 

0 

0 


32 

I 

3 

I 

8 

2 

25 

0 

40 

3 

7 

5 

204 

3 

1 

4 

1936 

148 

O 

0 


37 

2 

5 

4 

12 

6 

50 

0 

49 

8 

16 

6 

197 

8 

4 

0 

1937 

187 

0 

0 


30 

2 

6 

6 

12 

3 

25 

0 

42 

5 

11 

9 

229 

5 

2 

2 

Totals 

829 

2 

0 

24 

181 

9 

5 

0 

59 

24 

40 

6 

240 

33 

13 

7 

1,069 

35 

3 

27 


The mortality late for the entire group of 1,069 cases is 327 per cent 
(Table III), a figuie that compares favorably with average statistics Two 
deaths occurred in the simple acute group (024 per cent), representing the 
hazards of any operative piocedure One case died of a rapidly progressive 
pneumonia following pulmonaiy collapse on the fourth postoperative day, 
and the other of an ovei whelming Streptococcus infection of the abdominal 
wall The mortality in the abscess group (5 per cent) is not far above the 
general aveiage for this series In the diffuse peritonitis group, however, a 
high death rate (40 6 per cent) is to be noted This is, m large part, explained 
by the method of classification 

Rather marked fluctuations (from 14 to 63 per cent) are seen in the 
yearly moi tahty These figures and the data on the yearly incidence of com- 
plicated appendicitis can be shown to have a high coefficient of coi relation 
Dnect vanation of an almost linear chaiacter apparently occurs (Chart 1) 
An increase in the lelative number of complicated cases is associated with a 
cori esponding increase in the moi tahty rate for the year, and vice versa, 
independent of any change in methods of treatment The present analysis 
of this relationship only confirms an often previously noted correlation 

839 



LEHMAN AND PARKER 


Annals of burgerv 
November 19 38 


Treatment of Abscess — The assembled data m the abscess group of i8r 
cases reveal interesting differences in mortality and morbidity following 
different therapeutic programs (Table IV) (No statistical computations 
have been made involving the first column, as indicated earlier ) The differ- 



Cii\rt i — Correlation of yearly admission rate of complicated appendicitis it with diffuse 
peritonitis and abscess, and the total yearly mortality from appendicitis 


ences between all the mortality rates presented are statistically significant 
except for the comparison between the mortality rate of the group that under- 
went forced operation after initiation of conservative treatment and the 
mortality rates of the other groups In other words, it can be stated with 
some positiveness, that the absence of mortality in the cases treated without 
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Table IV 

GROUP II ABSCESS 

MORTALITY AND MORBIDITY FOLLOWING VARIOUS THERAPEUTIC PROCEDURES 

Immediate Operation. Conservative Treatment Begun 



Forced 

Elective 

Operation 

Elective Forced 

No 

Opera- 

tion 

Number of cases 

Data on 

3 

Total Cases 

98 

i5 


17 

48 

Complications per patient 

i 66 

63 


60 

94 

0 

Deaths 

1 

4 

3 


1 

0 

Mortality 

33 3% 

4 0% 

20 

0% 

5 9% 

0 0% 

Number of cases 

Data on Living Cases 

2 94 

12 


16 

48 

Average days in hospital 

32 

19 5 

30 

6 

27 8 

11 9 

Average days of fever 

29 

17 7 

25 

2 

25 8 

9 

Per cent of cases discharged with 

fever 

0 0 

46 9 

16 

6 

56 0 

31 2 

Average days of drainage known 28 5 

20 1 

22 

2 

41 3 

0 

Per cent of cases in which date of 
termination of drainage is un- 

known 

50 0 

76 5 

58 

3 

75 0 

0 0 

operation as compared with the mortality of 4 

per 

cent 

in those 

treated by 


immediate elective operation and of 20 per cent in the small number treated 
by late elective operation, represents a significant difference m results asso- 
ciated with the differences in treatment All of the morbidity factors, including 
complications (but excluding the percentages of unknown duration of fever 
and drainage) present statistically significant differences, with the exception 
of the unimportant comparison between late forced and late elective operation 
where the actual differences are small One may state, therefore, that the 
absence of complications, the short hospital stay, the brief period of pyrexia 
and the absence of any period of drainage in the cases treated without opera- 
tion represent real differences over the corresponding figures for forced late 
operation, and for either of the elective groups For instance, the non- 
operative group shows no complications as against o 63 complications per 
patient in the cases electively operated upon on admission, 11 9 days in the 
hospital as against 19 5 days, nine days of fever with 312 per cent unknown 
durations as against 17 7 days with 469 per cent unknown durations, and no 
days of drainage as against 20 1 days with 76 5 per cent unknown durations 
It is perfectly unmistakable from this and further comparisons to be made 
in Table IV that successful conservative treatment is the most desirable 
method of treating this group of cases not only from the point of vie\y of 
the prospect for recovery but also from the point of view of the severity of 
the patient’s illness and the cost of hospitalization, to add nothing of the pam, 
odor, nuisance and expense associated with a drained abscess 
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But, of course, this staking companson does not present the whole story 
If a group of cases is started on conseivative treatment, a pioportion will not 
do well and will lequire opeiation In this senes, of those so staited, 60 per 
cent weie successfully carried through, 1S8 pei cent had elective opeiations 
after success was piobable, and 21 pei cent came to foiced opeiation (Table 
VII) In view of the eaily behavioi of cases in which operation was elected 
after marked impi ovement, it is probably fan to say that not more than a 
total of 25 pei cent of conseivative starts would be unsuccessful A complete 
estimation of the lesults of conseivative tieatment must compare the combined 
lesults of successful and unsuccessful conseivative treatment with those of all 
elective opeiations Only in this way can one judge the propnety of initiating 
conseivative treatment as the prefened piogram for appendicitis with abscess 

Table V 

Group II Abscess 

RESULTS FOLLOWING THE INITIATION Of CONSERVATIVE TREATMENT WITH SUCCESSFUL AND 


UNSUCCESSFUL GROUPS COMBINED, AS 

COMPARED TO RESULTS 

OPERATIONS 

Conservative Treatment 

FOLLOWING ALL ELECTIVE 


No Operation and 

Elective Operation 


Operation Forced 

Immediate and Late 


(Combined Columns 

(Combined Columns 


4 and 5, Table IV) 

2 and 3, Table IV) 


Data on Total Cases 

Number of cases 

65 

11 3 

Complications per patient 

25 

63 

Deaths 

1 

7 

Mortality 

1 5 % 

6 2 % 


Data on Living Cases 

Number of cases 

64 

106 

Average days in hospital 

15 8 

20 7 

Average days of fever 

13 2 

15 9 

Per cent of cases discharged with fever 

37 5 

45 3 

Average days of drainage known 

Per cent of cases m which date of term- 

10 3 

20 3 

ination of drainage is unknown 

18 7 

83 9 


Such a comparison (Table V) reveals that the elective group suffers over 
twice as many complications as the combined nonopeiative and forced delayed 
operative gioups, lemains 111 the hospital about one-third more days, is febrile 
almost 25 per cent longer, and drains piactically twice as long These figuies 
in themselves, being all statistically significant compai isons, are striking evi- 
dence of the value of conseivative treatment The fact that the moitahty is 
over four times as great in the elective operation gioup as in the conservative 
group must not be accepted too confidently, since the ratio of the difference 
to the standaid error is just below two However, the probability that the 
difference is not due to chance is high, and the figures, taken with the statis- 
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tically validated comparisons fiom the same table, aie extremely suggestive 
It may fairly be said that the results of the conservative regimen do not result 
m a higher moitahty than the lesults shown by the electively operated cases, 
that probably the moitahty is lowei, and that the morbidity is strikingly less 
in all the measuied factois Inasmuch as the nonoperative cases leave the 
hospital in the possession of a diseased appendix, the possible later mortality 
and morbidity in this gioup must be considered a part of the problem and 
will so be considered below 


Table VI 

TABULATION Or COMPLICATIONS AND SEQUELAE 
DIVIDED ACCORDING TO METHODS OF TREATMENT 

Group II Abscess 


Immediate Conservative Treatment 

Operation Begun 


Operation No 


Nature of Complication Opera- 


or Sequela 

Forced 

Elective 

Elective 

Forced 

tion 

Total Cases 

3 

98 

15 

17 

48 

Complications and Sequelae Directly Related to Appendicitis 


Residual abscess* 

2 

23 

5 

9 

0 

Subphremc abscess 

0 

3 

0 

2 

0 

Gas gangrene 

0 

0 

0 

I 

0 

Obstruction in acute phase 

1 

2 

0 

0 

0 

Obstruction later 

0 

2 

0 

0 

0 

Paralytic ileus 

0 

13 

1 

I 

0 

Fecal fistula 

0 

6 

1 

I 

0 

Hernia, postoperative 

0 

3 

0 

O 

0 

Totals 3 52 7 

Complications Indirectly Related to Appendicitis 

14 

0 

Pneumonia 

1 

3 

1 

O 

0 

Pulmonary collapse 

0 

0 

0 

I 

0 

Pleurisy, empyema 

1 

1 

0 

I 

0 

Thrombophlebitis 

0 

4 

1 

0 

0 

Parotitis 

0 

2 

0 

0 

0 

Total, both groups 

5 

62 

9 

16 

0 

Average complications per patient 

1 66 

63 

60 

94 

0 


Complications Unrelated to Appendicitis 

19226 
* Includes abscess m wound, nght lower quadrant, cecal gutter, pelvis, liver, etc 

Nonoperative Tieatment of Abscess m Relation to Age of Patient — It is, 
of couise, a repeated suigical observation that patients at the extremes of 
life who suffer from appendicitis are sicker than those in the middle age- 
group In this hospital, for instance, the mortality reported, in 1935, by 
Stone 9 was for children 7 7 per cent as against 2 9 per cent for adults and 
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3 4 per cent for the entire material Assuming- the superiority of conservative 
treatment ovei operative treatment as a generally preferred program, it be- 
comes important to determine whether age should influence the decision against 
an attempt at nonoperative handling 

Table VII 

COMPARISON or SUCCESS Or CONSERVATIVE TREATMENT OF ABSCESS IN DIFFERENT 

AGE-GROUPS 

Conservative Treatment Begun 


Age-Groups 

Total 

No 

Operation 

Operation 

Forced 

Operation 

Elective 

Deaths 

1 -12 yrs 

7 

3—42 9% 

3—42 9% 

x— 14 2% 

0 

13-54 yrs 

57 

38-66 7% 

10—17 5% 

9—15 7% 

3 

55 yrs plus 

16 

7—43 7% 

4—25 0% 

5—31 2% 

1 

Totals 

80 

48 — 60 0% 

17—21 2% 

15—18 8% 

4 


Computation of the number of cases successfully carried through non- 
operative treatment, in three age-groups (Table VII), indicates that at both 
extremes of life success is less apt to occur and forced operative measures 
are more frequent Division of the group results in such small numbers in 
each subgroup that no positive statistical conclusion can be reached, and the 
apparent result must be accepted as being no more than suggestive Certainly 
one should be particularly on the alert in children and the older patients for 
storm signals if conservative treatment is begun It is interesting that of the 
seven children in whom expectant measures were employed, none died 

Late i Coutse of Cases Discharged from the Hospital Without Removal 
of the Appendix — The conservative treatment of appendiceal masses in 
other hands has followed the experience described herein , 60 per cent or 
more of patients admitted to the hospital can be discharged without opera- 
tion 4 - 5> c 7 10 11 As already stated, the morbidity and mortality of this 
group resulting from retention of the damaged appendix must be charged 
against the method It must be remembered, however, that a proportion of 
abscess cases subjected to operation (in this series 20 1 per cent) also leave 
the hospital carrying a diseased appendix The disadvantage of this situa- 
tion, when drainage is performed, is accepted by most surgeons as an unde- 
sirable but necessary part of an attempt to keep mortality low , and if the 
advantages, herein demonstrated, of conservative treatment as the preferred 
method are sufficiently impressive, the consequent failure to remove the 
appendix in the successfully treated cases must be accepted in the same sense 
Just as in the case of patients discharged after drainage of abscesses without 
appendicectomy, all patients conservatively treated are given a date for return 
for interval operation, are impressed as seriously as possible with the wisdom 
of this measure and are warned of the necessity for immediate return in the 
event of acute symptoms before the interval procedure is accomplished The 
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date given for return varies from six weeks to three months after discharge, 
depending upon the original size of the abscess and the rate of subsidence of 
the process under conservative treatment 

Table VIII 


SUBSEQUENT COURSE IN ALL LIVING CASES FROM WHICH APPENDIX WAS 



NOT 

REMOVED 

No 




Readmitted 

Further 


Subsequent 

Interval 

Acute 

Recorded 


Course 

Removal 

Appendicitis 

Trouble 

Total 

Drained 

6 

5 

23 

34 

No operation 

14 

4 

32 

50 

Totals 

20 

9 

55 

84 


23 8% 

v 10 7% 

65 5% 

100% 


A surprising condition revealed by this study is the small proportion of 
patients who take this advice (Table VIII) A little over one-sixth of the 
patients who have had abscesses drained have returned for interval appen- 
dicectomy, and 28 per cent of those discharged after conservative treatment, 
a total return-rate of 23 8 per cent Of those patients that had no operation, 
many more proportionally followed the suigeon’s advice than of those that 
had been drained The difference has no statistical significance, but it is 
interesting to speculate on the possibility that the unhappy hospital experience 
of the latter group might act as a deterrent to facing another operation 
Certainly the patients treated conservatively with success, most of whom ex- 
pected operation on first admission to the hospital, have no reason to fear 
another period of hospitalization 

Ten and seven-tenths per cent of the group discharged without appen- 
dicectomy returned with an acute attack Three of these nine patients had 
allowed the new attack to progress to rupture and abscess formation None 
of the group that returned died, and none were seriously ill One patient was 
treated conservatively for abscess twice and, impressed by the second attack, 
finally returned for interval removal 

The fate of the lemaimng 65 5 per cent, that have not returned to the 
hospital, is important Homans 12 states that roughly one-fifth of those whose 
abscesses have been merely drained suffer a recurrence, and Haggard 13 puts 
the figure at about one-half, as does Royster 14 in quoting from Reschke 
About 95 per cent of all the cases included in Groups II and III are ad- 
mitted to the chanty service, being sent most often by their physicians from 
uiial distncts There is no other hospital to which these patients can go 
in the event of serious disease It is, therefore, a fan assumption that the 
great majority of these patients have had no serious attack of appendicitis 
Since it is obvious that many of them have been treated so recently that there 
may not have been time for serious trouble to develop, the data have been 
divided by gioups of years (Table IX) 
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Table IX 

SUBSEQUENT COURSE IN ALL LIVING CASES TROM WHICH APPENDIX WAS NOT REMOVED, 

DIVIDED INTO YEAR-GROUPS 





Readmitted 

No Further 


No of 

Interval 

With Acute 

Recorded 

Year-Groups 

Cases 

Operation 

Appendicitis 

Trouble 

1933-1934 

17 

2 

4 

11 



11 7 % 

23 5% 

64 8% 

1933-1935 

25 

2 

6 

17 



8 0% 

24 0% 

68 0% 

1936-1937 

59 

18 

3 

38 



30 5% 

5 1 % 

64 4% 

Totals 

84 

20 

9 

55 



23 8% 

10 7 % 

65 5% 

The figuies in 

Table IX cleaily 

suggest, 

without statistical pi oof, that 


there is no sti iking deciease in the numbei that have had fuither trouble m 
the last two years ovei that in the earlier years Pait of this result is due 
to the much larger propoition of cases that have letuined foi interval opera- 
tion during the latei pei lod Latei figures may show a numbei returning with 
acute trouble that will appioach the piopoition of acute readmission in the 
eailier penod A longei time should elapse foi a larger group of cases than 
the number now available befoie a complete follow-up would be entirely 
useful Since the failuie to follow advice has been shown to be unexpectedly 
pie valent, it is planned to communicate with the entire group of appendix 
earners, uiging return to the hospital for appendicectomy Possibly the 
development of a routine 0 by which no patient would escape lepeated invita- 
tions to follow this advice would help to justify the adoption of conservative 
treatment In addition it would tend to protect the patients in the diained 
gioup also fiom their own ignoiance, feai or inertia 

The patients that have leturned to the hospital for the intei val removal 
of then appendices have spent an average of 8 i days theie To furnish a 
complete pictuie of the economic aspect, this figure must be added to the 
ii 9 days (Table IV) spent during the penod of conseivative treatment, 
making a total of 20 days of hospitalization The aveiage stay for cases 
operated upon as an elective pioceduie is 20 7 days (Table V) , but about 20 
pei cent of these cases must also face anothei hospital stay since the operation 
on that propoition has not included lemoval of the appendix There there- 
foie remains a slight economic advantage with the successfully treated con- 
seivative gioup insofar as hospital stay is concerned The economic loss from 
two penods of illness is not easy to estimate In general, the cases that 
leave the hospital aftei successful conservative treatment, however, have been 
ill a shoiter time and are discharged in much better condition than those dis- 
charged after operation Most of them go back to work almost immediately 
Although total loss of time from work may be somewhat greater when interval 
appendicectomy is added to the onginal illness, than if operation is performed 
at once, the difference cannot be sufficiently great alone to determine pohe) 
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Discussion — It is important to be certain that a suggestion to withhold 
operation m appendicitis be not misunderstood 01 adopted improperly It 
need hardly be emphasized that the evidence piesented has no bearing on 
early operation for acute appendicitis or on the expectant treatment of diffuse 
peritonitis It lefers only to the case in which a mass is already established 
Furthermore, it offers no excuse whatever for the family physician or the sur- 
geon to delay opeiation when there is no certainty that peritonitis is well 
localized Finally, it is not intended to justify the nonoperative treatment 
even of a suitable case elsewhere than in a hospital, perhaps even than in a 
hospital so organized that a relatively mature resident surgeon is always 
available The success herein shown, in the nonoperative treatment of ab- 
scess, must be assumed to be largely dependent on the possibility of ensuring 
complete genet al and gastro-mtestmal lest, adequate maintenance of physio- 
logic balances with frequent checks thereon, tiansfusions as may be indicated 
and, above all, close and constant obseivation 

During recent years a number of papeis on appendicitis have piesented 
the results of conservative treatment of an established mass 5 G ’ 7 - 10, 11 
is ig, 17 The data aie usually confined to mortality lates, although m a few 
instances the incidence of complications and the length of hospital stay have 
been studied A compaiison of nonoperative treatment with opeiative tieat- 
ment of abscess in the same clinic is rare Comparisons of figures from dif- 
ferent clinics are deceptive, not only because of differing methods of classi- 
fication but also because of different ideologic and technical appioaches to 
the disease 5 

All authors whose reports upon the nonoperative treatment of abscess have 
been reviewed in a seaich of the lecent hteiature 19 have been satisfied with 
their results The absolute figui es for moi tahty agree in genei al with the figui es 
presented herein, and the occasional lecords of the paucity of complications 
as well as of the surprisingly shoit hospital stay aie also in agreement with 
our data Sworn and Fitzgibbon’s 11 study, especially, employing a classifica- 
tion of cases similar to ouis and also indicating the group of cases in which 
conseivative treatment fails, presents results convincingly parallel to ours 
It may be noted that many unfavoiably critical discussions of conservative 
treatment are based on theoretic considerations alone, piesenting no data in 
suppoi t of arguments 18 

As has been stated, there is some disagreement in the literature as to the 
condition that is treated, namely, whether or not an established abscess ever 
i esolves spontaneously This represents, of couise, an unimportant distinc- 
tion The essential element is the localized mass following appendicitis for 
which conseivative tieatment is proposed, a mass which may or may not 
contain pus The problem to be settled is whether such a mass is better 
tieated by or without opeiation 

This study was undei taken, as has been said, to appraise the results of a 
method of treatment adopted on a clinical basis The University of Virginia 
Hospital surgical staff is unanimous in the opinion that the data here piesented 
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justify the continuation of this method under the local conditions Success 
has been shown to be far greatei than had been anticipated It is felt that 
any case of appendicitis, at any age, which piesents a mass is best handled 
by initiating expectant treatment in the absence of definite, immediate surgi- 
cal indications , and that such treatment should continue so long as improve- 
ment continues The sicker cases, that do badly without operation, probably 
belong to the type that would do badly, with operation The type that has 
shown adequate resistance to the infection clearly seems to have had a remark- 
ably easier and less dangerous experience in our material when operation was 
withheld, than when operation was performed under what we used to con- 
sider favorable conditions A paragraph from Love 4 may well be quoted 
“I feel sure that psychological reasons are a great deterrent to the adoption 
of expectant treatment If a case treated on delayed lines ends fatally it is 
usually regarded as a tragedy, and all concerned may have lingering doubts 
in their minds as to whether immediate operation would have saved the patient 
On the other hand, if the appendix is immediately removed and the patient 
succumbs, the general impression is that because immediate operation was per- 
formed everything possible was done, and the fatality is accepted philo- 
sophically ” 
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10 This survey comprises a list of 54 articles, detailed reference to which is omitted because 
of lack of space 

Discussion — Dr Frederick A Coller (Ann Arbor, Mich ) This 
paper has been most instructive to me, emphasizing as it does the value of 
the conservative treatment of abscesses, a point of view I have been approach- 
ing perhaps too slowly 

The outstanding fact about appendicitis is the importance of removing 
the appendix early, while the infection is confined to the appendix or its 
vicinity Our mam efforts should be expended toward bringing about this 
ideal treatment Unfortunately, we are called upon to treat the results of 
neglected cases or of poor treatment that result in diffuse peritonitis or 
abscess formation There is a diversity of opinion on the proper method of 
handling these two complications I think everyone now admits the impor- 
tance of deferring operation long enough to restore the biochemical balance 
of the patient After this has been effected, many surgeons insist upon the 
immediate removal of the appendix or drainage of the abscess Others con- 
tinue the Ochsner regimen, deferring operation until indications arise 

In our clinic, for ten years, we have used the conservative method in the 
treatment of peritonitis, operating only if the patient does not improve or if 
the abscess develops In patients who come to the hospital with abscesses, 
we have usually drained the abscess after restoring the patient’s biochemical 
balance During the past three years, we have been observing these patients 
with abscess for a longer time before operation, largely as a reflection of 
our conservative attitude toward peritonitis rather than due to any definite 
intellectual effort 

About 60 per cent of the patients with peritonitis treated by the deferred 
operative method develop abscesses These abscesses are often large, filling 
the pelvis and bulging into the rectum or the lateral gutters, and we feel 
from our experience that these should be drained when their presence is 
obvious We have lost several patients in whom drainage of these large 
collections of pus was carried out too late 

With the feasibility of conservative treatment of the mass around the 
appendix, be it single or multiple abscesses, or infiltrated omentum or in- 
testine, I am in accord, due to our own small experience and to the observa- 
tions of Doctor Lehman, and in this group, I propose to carry out the con- 
servative treatment more as he has outlined I do think, however, we should 
draw a distinction between the large collections of pus resulting from the 
Ochsner treatment of diffuse peritonitis, and the well localized mass around 
the appendix, called an appendix abscess The collection of pus should be 
drained We urge the subsequent removal of all appendices that have been 
the cause of peritonitis or abscess 

During the past four years, we have treated 574 patients with acute ap- 
pendicitis and its complications, with a mortality of 1 9 per cent Of these, 
496 had the disease limited to the appendix or its vicinity and these were 
treated without a death There were 32 patients with diffuse peritonitis, with 
a mortality of eight, or 25 per cent Of those dying, two were severe dia- 
betics and one patient was moribund on admission Forty-six patients were 
admitted with abscesses and all but one were operated tiDon during their 
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stay Half of these weie opeiated upon as soon as their general condition 
was satisfactory, usually within 24 hours The other half weie operated 
upon in an aveiage of one week after admission Thiee patients died, two 
of peutomtis and one of pneumonia It is possible that defernng operation 
longer might have led to a happier result 

There is one gieat drawback to advocating any type of delay in the 
opeiative treatment of the complications of appendicitis It requnes an 
effoit of mind and the possession of suigical judgment, these are not always 
available The bate mention of conservatism in any connection with ap- 
pendicitis is often misconstiued to mean medical treatment for all appendicitis 

Dr J Shelton Horsley (Richmond, Va ) Doctor Lehman’s analysis 
of his cases is extremely intei esting I have followed, dui mg the last seven 
years, a somewhat different course of treatment It is necessaiy to have a 
basis for statistics of appendicitis, and that basis should be that every case 
of appendicitis tieated, no mattei by what means, must be included in the 
moitality rate A patient is just as dead who dies following the Ochsnei 
treatment as one who dies after an operation 

When you begin to split veiy fine clinical and pathologic hairs as to the 
diffeience in a stage of appendiceal inflammation, you are running into a 
great souice of potential erioi Of course, with veiy excellent experience and 
good suigical judgment such as Doctor Lehman has, you can reduce the 
errors to a minimum, but one still has a potential field for them, no matter 
how careful one may be 

During the past seven yeais, the suigical staff of St Elizabeth’s Plospital, 
consisting of my two sons and myself, have adopted a general standaid, which 
has proven quite satis factoiy, partly because it is simple There have been 
three featuies which we have been using for a long time Immediate opera- 
tion 111 all cases of acute appendicitis, the McBuiney incision, and simple 
ligation of the stump of the appendix, but beginning about seven years ago, 
we combined five different features which I shall speak of latei 

Table I 


DEATH RATE TROM APPENDICITIS PER 100,000 
POPULATION IN VIRGINIA 


Year 

Deaths 

Percentage per 100 000 

1913 

137 

6 4 

1920 

194 

8 4 

1925 

260 

11 0 

1930 

267 

11 0 

1935 

247 

10 1 


The highest death rate since 1913 was 12 9 per cent, in 1932 


Table I shows the incidence of deaths from appendicitis As is well known, 
this death rate is increasing, at least it has been for the last 20 years Whether 
this is due to conservative tieatment, to “freezing” it out, or to waiting, I 0 
not know, but it just happens to come along that way while these procedures 
seem popular In Virginia, deaths show a veiy distinct rise from 64 per 
100,000, in 1913, to 10 1 per 100000, m 1935 The highest death rate since 
1913 was 12 9 per cent, in 1932 
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Table II 

APPENDICECTOMIES AS THE MAIN PROCEDURE PERFORMED 

at st Elizabeth’s hospital 


(January i, 1931, to January 1, 1938) 


Acute appendicitis 

Cases 

494 

Deaths 

3 

Percentage 
0 607 

Acute appendicitis with peritonitis 

100 

2 

2 0 

Subacute and chronic appendicitis 

200 

0 

0 

Carcinoma of appendix 

1 

0 

0 


795 

5 

0 6 


Table II represents oui own statistics fiom January i, 1931, to 1938, and 
I may say that we have had no deaths this year so far We have tried to 
adopt a simple method of classifying the cases We have what we call acute 
appendicitis, 494 cases with three deaths We have acute appendicitis with 
peritonitis, in which we include, to make it as simple as possible, abscesses 
and spreading pentomtis as well, and 111 which we have 100 cases with two 
deaths We have had 200 cases of subacute and chronic appendicitis, and 
one carcinoma of the appendix, with no deaths 

Of the five deaths, two weie neglected cases when first seen Theie 
was gangrenous bowel, which had to be lesected at the time of operation, in 
one case, and an abscess of the tube on the left side which so involved the 
bowel that it had to be resected in another case Then there was a patient, 
age 72, who had a letiocecal appendiceal abscess, that had been piesent for 
some weeks and which we thought was cancer of the cecum The appendix 
was removed and the abscess drained Dunng convalescence, he developed 
a decompensating heart and pulmonary edema and died foui days after opera- 
tion The fourth death was that of a man, age 50, who had a gangrenous 
appendix lemoved without draining and made a satisfactoiy lecovery except 
foi a fibrinous pleurisy, light side, ten days aftei the opeiation That cleared 
up and the patient was about leady to leave the hospital when he died of a 
pulmonary embolus The fifth death was in a very obese, alcoholic male, 
who developed paralytic ileus and uremia and died on the sixth day after the 
opeiation Neciopsy showed no pentomtis 

The loutme procedures at our clinic are 

(1) Immediate opeiation foi acute appendicitis, as soon as the diagnosis 
is made, no mattei what the stage of the disease 

(2) McBuiney incision, gentle handling of the tissues, and always removal 
of the appendix Removal of the appendix obviously saves moibidity and 
hospital expense, and 1 educes the moitahty rate 

(3) Suction apparatus instead of sponging Sponging presses sepsis into 
the areolar tissue That is a very impoitant point in technic If you sponge 
the pus out with gauze on a sponge holder, you get out some pus but you also 
massage into the retroperitoneal tissues some of it 

(4) Physiologic rest of the affected colon and cecum, by avoiding proc- 
toclysis and by administering intravenous dextrose or dextrose in salt solu- 
tion or Ringer’s solution, and using a Jutte or Levine tube in the stomach, 
also using a minimum of diamage Physiologic rest is what we want, and 
by giving proctoclysis you aie doing exactly the opposite thing You are 
pouring into the colon and cecum, fluid which not only distends the bowel 
and tends to create peristalsis, but also increases the absorption from that re- 
gion, because the right side of the bowel is the chief absorptive area for 

851 



LEHMAN AND PARKER 


Annals of Surgery 
November 1038 


fluids In other words, you are working just as haid as you can, tissue that 
should be rested 

( 5 ) The simple treatment of the stump of the appendix, meiely ligating 
and bunging ovei a tag of peritoneum-covered fat to piotect the stump from 
the drainage tube 

In every acute case, abscess 01 not, we opeiate at once and always lemove 
the appendix We have not failed to remove the appendix m a single one of 
these cases But you should not do that unless you follow all five of those 
points 

H E Robertson, of the Mayo Clinic, has called attention to the fact that 
in eveiy instance in which the appendix was removed, incidental to some 
other operation, and the patient died of something else, up to 21 days, he 
found a pocket of pus where the appendix stump had been buried Simply 
tie a ligature around it, not clamping it, because that injures the tissues un- 
necessarily, just tying it tightly enough to cut through the mucosa, and let it 
roll up, cut off the appendix with an electric cautery, and disinfect the stump 
with carbolic A tag of fat may be brought over by the ends of the ligature 
on the stump 

Let me repeat again that we have been doing all of these things for only 
seven yeais We had been using McBurney’s incision befoie for many 
years, but unless you are going to give the tissues physiologic rest, unless 
you are going to use a suction apparatus and not force the pus into the retro- 
peritoneal tissue, unless you are going to treat the stump of the appendix 
simply, these other things such as immediate operation and always removing 
the appendix should not be perfoimed 

Dr Thomas G Orr (Kansas City, Kans ) I have been very much in- 
terested in this report because we have been practicing practically the same 
method during the past three yeais Any patient admitted to the hospital 
with a mass in the lower right quadrant of the abdomen, we allow to wait 
until we are sure that the mass is going to develop into a full-blown abscess 
befoie recommending drainage About 50 per cent of our cases get well and 
go home without any operation We are very careful to warn them to return 
at the end of three months for an interval appendicectomy It is true that 
some of them will not come back, notwithstanding they have been advised it 
is their responsibility Occasionally they return with another acute attack 
We have had this happen in a number of instances, but do not considei that 
there is any moie danger involved than that which attended their first attack 

There have been many different published ideas concerning the tieatment 
of appendicitis I had occasion a short time ago to review 12 different recent 
articles on the statistics of appendicitis with peritonitis, and I was surprised 
to find that the death rate varied from 1 43 up to 52 per cent There is either 
a great deal of difference in appendices or there is something wrong with 
statistics 

We divide oui cases into four groups Those in which the disease is con- 
fined to the appendix, and those that have ruptured and have no distention, 
are operated upon at once I believe distention is the crux of the whole 
situation Those patients without distention who aie operated upon anc 
have their appendices removed have a very low death rate The thud group 
are those with masses in the right lower abdomen, which we allow to wai 
We also postpone operation in the fourth group having general peritonitis 

After perforation and operation, an abscess occasionally develops m 1 
pelvis A large percentage of those masses will resolve without operation 1 
given sufficient time 
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Dr Roscoe R Graham (Toronto, Can ) I would like to express my 
personal thanks to Doctor Lehman for classifying the way in which he is 
studying appendicitis 

One is lulled into a very false sense of security by a mortality of 3 per 
cent We have that , but at the same time, one analyzes the group in which 
the death occurs, as in the case that is perforated I have very little interest 
in reading a report on the treatment of appendicitis in which they have not 
very sharply differentiated perforated from nonperf orated groups 

In December, 1929, we lost two cases which presented masses, that were 
operated upon precipitately, without correction of the biochemical fault They 
both died of colonic bacteriemia We looked up our mortality on cases pre- 
senting masses, and it was 22 per cent We looked up our mortality on cases 
of perforated appendicitis, and it was 17 per cent The comment that was 
made to us was that we had better learn how to operate on appendicitis I 
do not believe that is the point I think that our management coincides very 
closely with Doctor Lehman’s , 

There are two points I would like to make First, there are some people 
who are desperately ill and, as in some cases of perforated duodenal ulcer, 
one has been in error in determining why they are ill They are ill because 
of the biochemical balance that Doctor Coller has mentioned The patient 
comes in with a temperature of 105° F , cold to his elbows and cold to his 
knees, and a mass in the right iliac fossa That patient, when he has had his 
biochemical balance restored, is an unbelievable picture after 24 hours, if you 
have not experienced it 

Sixty per cent of our cases have been discharged without operation We 
explain their responsibility and a very small percentage have not returned in 
three months Second, when you have full-blown abscess in the right lower 
quadrant, you are not operating for appendicitis You are operating for an 
mtraperitoneal abscess and that is the same as an abscess any place else That 
means drainage 

Dr Owen FI Wangensteen (Minneapolis, Minn ) The method of 
treatment which Doctor Lehman has described has been a matter of routine m 
the surgical clinic at the University of Minnesota since 1931 — a preliminary 
period of trial extending back to 1929 Since 1931, no appendiceal abscess 
has been operated upon primarily in our hospital Such cases are -treated 
conservatively by the employment of suction applied to an inlying duodenal 
tube, even in the absence of distention, and by the administration of para- 
oral fluids 

I should like to offer a word of caution, however, concerning prolonged, 
expectant treatment m the patient with a very large abscess or rather in the 
patient whose abscess continues to be large As Doctor Lehman pointed out, 
a surprisingly large number of abscesses resorb completely without operative 
intervention — the patient then comes back for appendicectomy m the interval 
If, however, a large abscess gives little evidence of resorption over a short 
period of observation, it should be incised For, apart from the possibility 
of mtrapei itoneal extension of the abscess by rupture, there is another hazard 
in large abscesses, namely, burrowing of the abscess into the mesentery with 
eiosion of a blood vessel I have seen this complication, and as you can well 
believe, it is a disastrous occurrence 

Subsidence of fever and decrease in the size of the abscess are the signs 
which indicate that it is safe to pursue a conservative regimen If fever 
continues unabated and a large abscess fails to dimmish m size, incision and 
drainage are indicated 
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The advent of continuous gastric siphonage has, of course, extended the 
conservative plan of ti eating appendiceal abscesses outlined by the late A J 
Ochsnei many yeais ago I subscribe fully to what Doctor Horsley said 
concerning the avoidance of enemata Evacuant enemata, as well as the 
admmistiation of a baiium enema foi pm poses of diagnosis, aie hazardous 
in the presence of mtrapentoneal suppuration Many lives will be saved if 
house officers aie mstiucted never to administer enemata when mtiaperitoneal 
suppuration is piesent 01 suspected 

Dr Allen O Wiiipple (New Yoik City, N Y ) With all the emphasis 
that has been laid upon the conservative tieatment of pentoneal abscess, we 
have got to beai in mind the effect it has upon the general practitioner Dur- 
ing the past yeai, I have seen four patients, who have come in with either 
peritonitis 01 pentoneal abscess, and the leason the doctor gave was that he 
had read a good deal of hteiature lecently about conseivative treatment of 
appendicitis 

There is a danger we must bear in mind, if we continue to emphasize the 
conseivative treatment This is misunderstood by a great many of the gen- 
eral practitioneis, who will find moie advantage in treating their cases of 
appendicitis conseivatively instead of having the cases operated upon during 
the time when the moitahty, as is shown by two opposite methods of treatment, 
is exceedingly low 

Dr Howard Lilienti-ial (New York City, NY) What we should 
do is to try to influence the general practitioner so that not he, but the 
surgeon, shall decide whethei 01 not an opeiation shall be performed Sur- 
gery is not, sti ictly speaking, a science , it is only partly a science 

The most arresting part of this papei appears to me to be the urgent 
advice that practitioners of medicine should not take the responsibility of 
treating appendicitis without suigical counsel After all, to call in a surgeon 
does not mean that an opeiation is inescapable It simply means that the 
medical man will be leinforced by a surgical opinion And that this will 
influence, but not necessanly peisuade, the piactitioner This aspect of the 
subject should be frequently presented in medical literatuie 

Dr Edwin M Miller (Chicago, 111 ) I have been intensely interested 
foi seveial years in the treatment of the type of case that Doctoi Lehman has 
piesented, and I have taken even a moie conseivative attitude than he seems 
to have followed Ordinarily, these cases fonn a well recognized, clearly 
defined group, but, on the othei hand, there is the occasional case where one 
is in doubt, even aftei a most careful examination, as to whethei it falls into 
Group II or in one of the othei s 

When theie is that mattei of doubt, it may be cleared up by relaxing the 
patient veiy thoroughly undei anesthesia I have had the experience ot 
having found a definitely palpable mass under anesthesia and leaving it alone 
I have gone even further, and have opened the abdomen in an indefinite case 
and then have found a localized mass with the abdomen open, and left it alone 

I wish also to say that not every localized palpable mass, in a patient who 
gives a histoiy which simulates that of a preceding acute attack of appendi- 
citis, is the lesult of perfoiation of an appendix I have had the experience 
of seeing a case where this w'as suspected, only to find upon entering the ab- 
domen, not an appendiceal mass but an irreducible intussusception in wluci 
there had been an atypical history and atypical physical findings 
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Not only that, but many of these localized, palpable masses do not occupy 
the right lower quadiant of the abdomen Many times m our expenence 
they have occupied the lowei left quadiant and not infi equently, as has been 
said, they are confined to the pelvis 

Dr Franz Toreic (Montclair, N J) I want to confine my remaiks to 
one class of cases, namely, those with diffuse suppurative peiitomtis By 
“diffuse” I mean those that have extended well ovei to the left side, with free 
pus not only in the legion of the perforated appendix but also in the pelvis 
and well over to the left side 

Those are larely seen now, but between 30 and 4° yeais ago they weie 
not tare I reported on these cases in two publications, each covering 18 
cases, so that, by 1908, I had lecoided 36 cases with diffuse suppurative 
peritonitis I mention them now because the way in which I treated them 
may perhaps be new to some of you 

The tieatment consisted in a median incision from the pubis up to at least 
two inches above the umbilicus, letting the pus flow out through the wound, 
removing the appendix as quickly as possible, and then washing the entire 
peritoneal cavity with hot saline solution, fiist pouring it into the light side 
wheie the appendix was, then in the pelvis, then in the left side, and, if 
necessary, also highei up The washing was accomplished by pounng from a 
flask 01 a pitcher and using the gloved hand to move the intestines from 
side to side, in order to leach all the places where pus might be found 

By 1908, as I say, I had opeiated upon 36 cases, but since then I have had 
only four cases, which is a pi oof that the diagnosis of appendicitis has been so 
much improved these latei yeais that the extensively diffused cases of pen- 
tonitis ai e 1 ai ely seen 

An impoitant thing is that in those cases, I did not drain You may 
diain an abscess, and it ought to be diained, but if you have to deal with a 
diffuse pentoneal involvement, you had bettei make up your mind that it is 
impossible to diain the whole pentoneal cavity The washing, therefoie, had 
to be so thoiough that the water finally tan back absolutely clear The abdo- 
men was closed without diamage Only in a few cases in which I saw that 
the cecum was so nearly gangienous that it was bound to perfoiate, did I 
mseit a diain thiough a separate opening down to it In those cases, after 
some time, pus and feces came out thiough the diain 

Another point is the closure of the wound The incision was closed by 
simply taking thiough-and-thiough sutures without any attempt to coapt the 
sepai ate layers I did this in my first case, who was so extremely weak that 
I thought she would die soon aftei I got through, and that I must make haste 
to avoid having the patient die on the opeiatmg table She, however, recov- 
eied, and since then I have continued to employ that same method of suture 
m all the cases of diffuse suppuiative peritonitis 

The leason why I did not return to the customary suture, 111 layers, was 
to avoid spieadmg infection from the incision to freshly exposed muscle and 
fascia, as these tissues aie not neaily as capable to resist infection as the peri- 
toneum is 

The cases that I reported totaled 36, and there weie six deaths In the four 
subsequent ones, no deaths So I had six deaths 111 40 cases, a mortality of 15 
pei cent 

Dr Edwin P Lehman (closing) I agiee entirely with Doctor Coller 
m 1 elation to the laige abscesses I have not had the expenence that Doctor 
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Wangensteen reports, of rupture into a blood vessel, but I presume if we 
continue with this treatment, such an event may occui 

We believe that most of the large abscesses will do well with at least some 
delay in operation In most instances a delay of three or four days will place 
the patient in considerably better condition for operation 

I know no statistics on appendicitis that are as good as those that have 
been presented by Doctor Horsley Of course, as Doctor Collei has pointed 
out, the difficulty of comparison between clinics is very great When Doctor 
Horsley was to present these statistics at our state meeting last fall, I looked 
up a group, approximately the size of the group that he has reported, limited 
to private cases, and I found that our mortality in the private group was not 
appreciably greater than that of the group he has presented 

We also have had the experience of having masses palpable by rectum 
disappear without operation in the same way that Doctor Orr reports 

We realize the danger of misconstruction of a proposal for conservative 
treatment in any phase of appendicitis and have, therefore, placed in a promi- 
nent position in the text of the present communication a clearly outlined state- 
ment of the type of case to which this treatment is limited, namely, the case 
with a demonstrable mass 

I agree that there is danger of missed diagnoses, and I presume also that 
they will be embraced in oui experience So far, we do not know of any 
diagnoses that have been missed by this method of treatment 
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Claude F Dixon, M D 

DIVISION OP SURGERV, THE MV10 CLINIC 

Rochester, Minn 

Regional enteritis, terminal ileitis, or nonspecific gianuloma of the intes- 
tine is either occurring more frequently or is being recognized moie often 
than in the past A study of the literature on nonmahgnant disease of the 
intestine gives the impression that many such lesions have been incorrectly 
diagnosed as tuberculosis 

Inflammatory intestinal lesions weie recognized many decades ago In 
1806, a case was reported by Combe and Saunders m which three feet (90 
cm ) of the terminal ileum was involved The description of this condition 
and the specimen strongly suggested that the piocess was nonspecific In 
1844, Abercrombie reported a lesion in the intestine of a child, age 13, which 
was apparently one of nonspecific ileitis Another case of a similar nature 
was described by Braun, in 1909 The 14 cases reported by Crohn, Ginsberg 
and Oppenhenner, in 1932, gave the first classic desciiption of what is known 
as “ileitis,” “granuloma of the intestine,” or “segmental enteritis ” Others 
who have described inflammatory disease of the intestine are Tietze, Moscho- 
witz, and Wilensky and Mock 


Table I 

REGIONAL ENTERITIS 
Brown and Pemberton's Senes of 39 Cases 


No of cases Segment Involved 
2 Entire jejunum (1) 

Upper jejunum (1) 

13 Ileum (1 to 8 seg- 

ments) 

2 Ileum and transverse 

colon 

20 Ileum (17) 

Ileum and cecum (3) 


Surgical Procedure 
Exploration 

Ileocolostomy 

Ileosigmoidostomy 

Resection of ileum 
and cecum 


Ileum and cecum Drainage of abscess 
(with fistula and m right lower ab- 
abscess) dommal quadrant 


Results 

Died 7 mos later 

2 apparently well 
1 1 slightly improved 
1 slightly improved 

1 died 6 mos later 
16 well (2 to 6 yrs ) 

2 died later (cause 
unknown) 

2 died postopera- 
tively 
Not traced 


At the Mayo Clinic, seveial cases of so-called terminal ileitis have been 
observed in which the cecum and portions of the large intestine weie also 
involved In Ciohn’s original article he expressed the belief that this disease 
was confined to the ileum, but, in 1936, he and Rosenak reported a total of 60 
cases, confirmed at operation, m nine of which there was involvement of some 
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poition of the colon Colp repoited a case in which not only the terminal 
ileum but the cecum was also involved 

In 1937, Pemberton and Biown collected 39 cases of nonspecific mflam- 
matoiy disease of the intestine from the recoids of the Mayo Clinic In 36 
of these cases the diagnosis was substantiated at operation (Table I) Since 
then 30 additional cases have been encounteied at the clinic, which foim the 
basis of the present lepoit Twenty-one of these 30 patients were seen during 
a penod of nine months It seems logical to infei fiom this, therefore, that 
the condition is occurnng, or is being lecognized, with greatei frequency 
than pieviously 


ILEITIS — 30 CASES 
FREQUENCY OF SIGNS AND SYMPTOMS 

0 10 20 30 


LOSS OF WEIGHT 



CRAMPING PAINS 



DIARRHEA 


80 % 


PALPABLE MASS 



n% 


NAUSEA AND 
VOMITING 

ANEMIA 


53 % 

40 % 


EXTERNAL 

FISTULA 


BLOOD IN 
STOOLS 



20 % 



20 % 


Fig r — Frequency of signs and symptoms 


Figure I graphically lepresents the signs and symptoms of the disease 
from the standpoint of frequency The chief subjective symptoms were inter 
nnttent ciamping pam and dianhea In each of the 30 cases there had been 
a model ate to maiked loss of body weight The clinical history would ea(^ 
one to believe that this reduction 111 weight was due to the patients fear 0 
eating rathei than to the disease itself since the majority of them comp ainc( 
of cramps and pain soon after the ingestion of food On physical examination 
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a mass was present either m the pelvis or right lower abdominal quadrant in 
all except seven of the 30 cases The rope-like chaiacter of the lesion was 
often manifest as a firm sausage-shaped tumor In 16 cases theie was a 
lustoiy of nausea and vomiting 

Marked anemia is fiequently associated with disease, and particularly 
caicinoma, of the ileocecal region, but in these 30 cases of legional enteritis, 
anemia was present in only 12, and then only to a moderate degree, even 
though the enteric disease in some instances involved both the cecum and 
teiminal ileum The leukocyte count as a rule was slightly increased Six 
patients gave a history of having passed blood by rectum , bleeding probably 
occurs more often in association with nonspecific enteritis than this state- 
ment would indicate, but is not noticed A fistula of the external type was 
present in six cases, in three instances opeiation having been performed fol- 
lowing a diagnosis of acute appendicitis In some of the instances in which 
there had been a previous operation, mention of an indurated cecum or plastic 
exudate over the surface of the teiminal ileum was made In three cases 
fistulae of the internal type were present, one patient had a fistula between 
the ileum and urinary bladder and two a fistula between the ileum and lower 
part of the sigmoid 

In 23 cases, there was a definite history of remission of symptoms lasting 
from two to four weeks Previous treatment had been instituted 111 22 of 
the 30 cases, 13 patients had undergone appendicectomy, and nine had been 
treated on the assumption that then difficulty was amebic dysentery 

The clinical histoiy in each of these 30 cases strongly suggested regional 
enteritis and 111 each case this suspicion was substantiated roentgenologically 
None of the patients had a histoiy suggestive of active pulmonaiy tuberculosis 
and, roentgenologically, there was no evidence of pulmonaiy disease 

Surgical tieatment was undertaken in all of the 30 cases Single stage 
lesection was perfoimed 111 ten cases, lleocolostomy with subsequent resection 
111 ten, and lleocolostomy alone 111 the remaining ten In those cases in which 
lleocolostomy was the only surgical piocedure, the patients were advised to 
return for lesection of the diseased segment of bowel, but possibly because 
of improvement, they have not complied up to this date It is of interest that 
all except three of these ten patients have the same symptoms as before 
suigical mtei vention but to a lesser degree Eight of them have gained 15 to 
20 pounds (6 8 to 9 Kg ) In the 20 cases m which single or two stage 
lesection was employed, all symptoms completely subsided except in four 
cases m which a slight tendency to diarrhea lemamed (four to six stools daily) 

In this senes of 30 cases, upon whom 40 opeiations were performed, theie 
were four deaths one fiom pulmonaiy embolism, one from peritonitis, one 
fiom obsti uction, and one fiom pneumonia The fact that there was but a 
single death following the ten pnmary lesections might lend credence to the 
belief that this piocedure should be employed more often My leason for 
peifoiming pi unary resection in this gioup of cases was either that the patient 
appeared to be in good condition 01 that multiple external fistulae were pres- 
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ent In the latter instance many loops of intestine were found to be adherent 
in the right iliac fossa and, m ordei to become properly oriented m performing 
the opeiation, it was necessary, in my judgment, to mobilize the coils ot 
intestine in this region en masse, which made a single stage resection impera- 
tive In all cases of resection a temporary stoma of the Witzel type was 
established at a point m the ileum about 24 to 30 inches (60 to 75 cm ) 
proximal to the anastomosis This procedure has proved of great value in 
pi eventing distention due to the accumulation of intestinal gases The 
enterostomy tube is removed as a rule on the twelfth postoperative day and 
this is followed by spontaneous closure 

It is my impression that, in its earliest stage, regional enteritis consists of 
enlargement of the mesenteric lymph nodes and ulceration of the mucosa 
Brief mention of two cases will tend to substantiate this opinion 

Case x — Female, age 29, came to the clinic because of intermittent attacks of 
severe cramping pain in the right lower abdominal quadrant These attacks had begun 
two months previously Her family physician, who had been in attendance during many 
of the attacks, reported having found moderate tenderness in the right lower quadrant, 
moderate elevation of the leukocyte count, a temperature of 102° F, and diarrhea con- 
sisting of three to five stools per day, unaccompanied by the presence of blood At the 
clinic, physical and laboratory examinations failed to reveal evidence of the disease, the 
patient apparently being in a period of remission Roentgenologic studies of the gastro- 
intestinal tract, however, revealed a defect in the terminal ileum 

Opeiation — On opening the abdomen no abnormality could be detected m the 
terminal portion of the ileum The small intestine and colon were then examined care- 
fully but the lesion described by the roentgenologist could not be found The lymph 
nodes adjacent to the terminal portion of the ileum were slightly enlarged Two months 
after this exploratory operation the attacks recurred with increasing severity, and three 
months after the surgical intervention a second operation was undertaken, at which the 
distal portion of the ileum was found to be markedly thickened and covered by a thick, 
grayish, plastic exudate One stage resection was performed and satisfactory recovery 
followed 

Case 2 — Female, age 24, came to the clinic complaining of diarrhea, fever and 
acute abdominal pain which had occurred intermittently during the preceding six weeks, 
however, she had not consulted a physician Physical examination revealed no abnormal 
finding Other investigations did not show anything significant except that the roent- 
genologist reported the presence of a filling defect in the terminal portion of the ileum 
At operation, however, careful examination of the small intestine and cecum did not 
reveal the presence of a tumor or other abnormality The patient succumbed to pneu- 
monia 12 days postoperatively At necropsy, the terminal ileum was grossly normal, but 
when the intestine was opened an ulceration 5 cm in diameter was found 

The question is Should not these two cases be classified as instances of 
early regional enteritis or terminal ileitis ? 

In a third and similar case, in which there was no evidence of disease 0 
the terminal portion of the ileum by dnect visualization or palpation, tb e 
ileum was transilluminated by the use of a Cameron cold light, which " aS 
placed along the lateral surface of the intestine Such lesions as ulcerations 
or polypi can be visualized quite clearly in this manner, when by such nieas 
ures as palpation no abnormality can be detected, further use of transillumina 
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tion is suggested as an aid in determining the presence or absence of lesions 
in hollow abdominal organs 

An analysis of the entire senes of 69 proved cases of regional enteritis, in 
which the diagnosis was made and the patients weie treated at the clinic, 
would lead one to the inevitable conclusion that the treatment of choice is 
radical removal of the involved intestine (Table II) 

Table II 

SURGICAL RESULTS IN 69 CASES OF REGIONAL ENTERITIS 

No of Cases Surgical Procedure Results 

25 Ileocolostomy 5 well, or have only mild symp- 

toms 

20 obtained slight or no im- 
provement, or were worse 

40 Resection 4 died postoperatively 

2 died after dismissal (cause 
unknown) 34 well 6 mos 
to 6 yrs 

2 Closed as exploration Died 7 mos postoperatively 

(condition too exten- 
sive for resection) 

2 Drainage of abscess Fistula 8 mos later 

— Fistula 1 yr later 

Total 69 

Cases have been leported in which spontaneous cure evidently occurred 
without resection, for example A colleague informed me recently of an 
operation undertaken upon a young woman for the purpose of removing an 
acutely diseased appendix Exploration levealed a so-called chronic ap- 
pendix Appendicectomy was performed In the terminal ileum, about io 
cm fiom the ileocecal juncture, there was a definite thickened aiea covered 
by a thick, giay, plastic exudate The process apparently involved the entue 
cu cumference of the ileum The mesenteiy adjacent to the segment of dis- 
eased bowel contained many enlarged nodes Omentum was used to covei 
the affected portion of ileum and the abdomen was closed Nine months 
have passed since appendicectomy was pei formed in this case and mean- 
while the symptoms have gradually subsided This case is mentioned as an 
example of the exception rathei than the mle 

Segmental enteritis is an mflammatoiy disease which has gieat tendency to 
piogiess, as is evinced by the fact that unless ladical excision is employed, 
fuither spiead of the process occurs, often involving the site of an anastomosis 
and thus necessitating anothei ladical procedure Seveial such cases have 
been lepoited A case in point is appended 

Case Report — Female, age 12, was admitted to the clinic because of an illness 
of two and one-half years’ duration, which was characterized by fever, chills, cramping 
lower abdominal pain, diarrhea and vomiting For periods of a month or more the 
child was without symptoms Her growth had apparently been markedly impaired 
Examination revealed the presence of a diseased terminal ileum, the defect appeared 
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roentgenologically to involve about 30 cm o£ the intestine Ileocolostomy was performed 
and the patient was advised to return in three months for resection of the diseased in- 
testinal segment Following the short-circuiting operation the symptoms decreased in 
severity and there was a marked gain in weight Fourteen months after ileocolostomy 
the patient returned for reexamination She appeared to be in good health Meanwhile 
the stools had been loose occasionally but only mild attacks of cramping lower abdominal 
pain had occurred intermittently At this time the defect in the terminal portion of the 
ileum appeared roentgenologically to be more extensive than at the previous visit The 
mother of the child refused to have surgical intervention undertaken 

Expet tence m similai cases would lead one to believe that this patient will 
m the near future have symptoms of obstruction because of encroachment of 
the progressive mflammatoiy process on the ileocolonic stoma 

The cause of regional ententis has not yet been explained Some ob- 
servers are inclined to think that an alleigic tendency is responsible for it 
Bohn has reported a case which is suggestive A boy, age 9, complained of 
symptoms such as frequently accompany legional ententis He was hos- 
pitalized and given a liquid diet Each afternoon his temperature became 
elevated to from 103° to 105° F By a piocess of elimination it was discov- 
ered that when milk was not piesent in his diet, his temperatuie was not 
above 99 0 01 ioo° F, but that when the use of milk was lesumed there was 
marked elevation of the tempeiatuie and associated clamping pain of much 
moie violent charactei than during the period when milk was excluded This 
case is at least interesting 

The consensus at present seems to place the cause of regional enteritis on 
an infectious basis Pumphiey, however, has studied the enlaiged lymph 
nodes as well as the segments of diseased bowel 1 emoved in many of the cases 
mentioned in this lepoit Fust, he attempted to prove the presence or 
absence of tubercle bacilli Guinea-pigs weie inoculated but none of them 
developed tubeiculosis Cultuies were taken, using vanous media, but he 
was unable to detect any constancy of organisms Many of the organisms 
that weie recoveied were cross-agglutinated with the patient’s serum, but 
positive lesults weie not obtained Organisms lecoveied from the diseased 
intestinal wall and fiom the enlaiged lymph nodes were injected intiavenously 
into rabbits without producing visible lesions Attempts were made to culture 
fungi fiom the lymph nodes and the affected tissues 111 three cases but the 
piesence of pathogenic fungi could not be demonstrated 

SUMMARY AND CONCLUSIONS 

A total of 69 patients with regional enteritis have been treated at the clinic 
Regional enteritis is apparently increasing in frequency, or the disease is 
being recognized more often than formerly 

Rational treatment at the present consists m resection of the diseased 
segment of intestine A short-cn anting operation such as lloecolostomy often 
affords temporary lelief and apparently, in isolated instances, the procedure 
may produce subsidence of all symptoms A two stage operation seems the 
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proceduie of choice So-called spontaneous cures, however, aie occasionally 
1 ecorded 

Ulcei ation of the mucosa and enlargement of the mesenteric lymph nodes 
may be the beginning of legional enteutis, and transillumination of the 
intestine may prove to be an aid in locating such early lesions 

The etiology of regional enteritis is unknown Studies of specimens 
which have been removed have failed to reveal a specific Bacterium as the 
cause of the disease A case is mentioned in which an allergic phenomenon 
was recorded 

Discussion — Dr Horace Binney (Boston, Mass) I do not feel that 
I can discuss the subject as a whole, which Doctor Dixon has presented so 
interestingly, because my experience is quite limited However, as concerns 
the treatment, I think it would be of mtei est to pi esent to you a case in which 
I carried out a procedure which perhaps is not accoi dmg to Hoyle, but which, 
under the circumstances, seemed to be the best thing to do and the result 
seems to indicate that I used correct judgment in employing it 

The patient was a boy, age 19, who, four yeais ago, came under my care, 
with the usual history of attacks of appendicitis, the eailier ones subsiding 
and then having an appendicectomy, followed by the foimation of a fecal 
fistula in the scai That was operated upon but the fistula broke out again 
He came then under my care again I felt it probably was a case of tubercu- 
losis of the ldiocecal legion At that time he had a fistula, a palpable mass, 
and some obstiuctive symptoms — a griping pain, etc I did not know then 
about the stung sign, and our only roentgenologic evidence was that the 
fistula had communicated with the cecum 

At operation, I developed this much thickened and enlaiged cecum and 
detei mined upon its lemoval, probably with an anastomosis of the ileum to 
the tiansveise colon, but in removing the cecal portion, which was very 
adherent, I broke through an ulcerated aiea and into the intestine That left 
me with an infected field in which to work The lowei ileum was somewhat 
thickened and enlarged but it was smooth and thei e was no extei nal evidence 
of any ulcei ation or fistulous formation in that region The specimen when 
removed showed a very 11 regular, enlarged, and thickened cecum and a small 
portion of ileum 

Rather than risk infecting the geneial peritoneal cavity by perfoiming an 
lleotransverse colostomy, I was able to effect an end-to-end anastomosis, 
leaving an indefinite amount of somewhat thickened but dilated lower ileum 
The patient made a peifectly good recoveiy and was discharged the third 
week Subsequent loentgenograms show a normally functioning bowel 

The patient, during the past four years, has been perfectly well and has 
gained 50 pounds in weight I think the result shows that I was justified in 
leaving a suspicious portion of the lower ileum, although I do not pretend 
to say that that is a correct proceduie as a geneial lule I feel that, as Doctoi 
Dixon says, the proper piocedure is a complete lesection in either one or two 
stages, when feasible 

Dr Edwin P Lehman (Umveisity, Va ) One of the most useful things 
that Ciohn did 111 his first communication on this subject was to divide the 
disease into four pathologic stages Interest, as far as the surgical treatment 
is concerned, has, of couise, been laigely directed to the later stages of the 
disease I have lecently leviewed the liteiature in relation to the first or acute 
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phase Theie seems to be a good deal of diffeience of opinion as to whethei 
or not the acute phase should be treated by radical operation 

I am reporting (Review of Gastio-Enterology) a group ot seven cases, 
seen at the onset of symptoms, all of them explored undei the diagnosis of 
appendicitis, except one case that had had the appendix lemoved previously 
They weie all treated with nothing more ladical than appendicectomy, which 
was pei formed not with the idea of curing the disease, but because the appendix 
was readily accessible Of these seven cases, two have been completely 
symptom-free for nine and one-half yeai s One has been completely symptom- 
free foi four years One has been symptom-free for a year, and in a recent 
check-up complete clinical and roentgenologic studies revealed no disease 

It has seemed to me, on the basis of this experience, that the first attack 
is probably not the time to perfoim a ladical operation Some of these cases 
will undoubtedly resolve It is a good deal safer at the first attack of symp- 
toms, in the acute stage, to perfoim no surgeiy except that which is lequired 
foi diagnosis, and possibly an appendicectomy, so long as the latter is easy to 
do Radical surgeiy can follow, if simple exploration is not followed by 
resolution Such a course makes obligatory very careful obseivation of the 
patient after the exploratoiy operation 

Dr Harry H Kerr (Washington, DC) I would like to ask Doctor 
Dixon if they have had any recurrences, in their experience, in the large group 
of cases he repoited I have recently had one that was quite illuminating, 
and Doctoi Shearer of Washington has reported three recurrences with three 
resections in one case The patient is now well 

The instance peisonally obseived occurred in a woman who had lost some 
60 pounds because of a long drawn out illness with diarrhea, vomiting, 
anorexia, etc An exploratory ceilotomy revealed a legional ileitis, six 
inches in extent, two feet above the ileocecal valve, with the characteristic 
intestinal findings and tremendously enlarged nodes in the mesentery The 
involved bowel and thickened mesentery were resected, and an end-to-end 
anastomosis established She made an uneventful recovery and rapidly gained 
weight She lemained apparently well for about a year, when she began 
complaining of a loss of appetite, with occasional crampy pains in the abdo- 
men, a palpable mass could be felt in the lower right quadrant There had 
been left, I suppose, a foot and a half of ileum between the valve and the 
resection 

We opeiated upon her again and found about six inches of the terminal 
ileum involved, with the usual characteristic, striking change between the 
diseased ileum and the perfectly normal cecum On eviscerating her pretty 
thoioughly, we found just below the site of the previous anastomosis a small 
area, perhaps two inches long, of definite thickening but without constriction, 
and in addition, perhaps a foot above the previous anastomosis, another area, 
two and a half or three inches long, with definite involvement 

With the bowel well out on the table, it could then be seen that there was 
a difference in the appearance of the bowel between the segments of diseased 
ileum, and the flat, ribbon-like, perfectly normal ileum It was apparent that 
there was a difference between this normal ileum and the ileum between the 
actual areas of disease that could be appreciated only on comparison 

A wide resection, from the perfectly normal, flat, thin, ribbon-like ileum, 
well above the disease to the transverse colon and an end-to-end anastomosis 
were performed I am interested tQ know if the bowel between the areas o 
fiank disease was different from the normal bowel in which the second resec 
ti on was pei formed 
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Dr Charles G Mixter (Boston, Mass ) I would like to speak about 
one point in technic which I think might be of interest Lately, the question 
has arisen, on account of the number of recurrences that have been reported, 
of the possibility of this particular lesion being classified again as a medical 
lesion instead of a sui gical one 

Our experience has been that approximately 40 per cent of our cases have 
shown complications of fistulae, either to the large bowel, to the bladder or to 
the skin, or as multiple lesions Such lesions appear definitely surgical — 
surgery is used in other conditions where we do not necessarily expect to cure 
the underlying disease, for example, peptic ulcers If we can show that a 
good percentage of cases of regional enteritis which have been disabled, can 
be returned to health, it seems to me that the lesion should be classified as a 
surgical one 

Recently, I looked up our cases during the past seven years, and the two 
oldest cases, seven years and six years after operation, have each put on about 
50 pounds in weight, and they have returned to their occupations 

I believe that possibly some of the recurrences that have been repoited 
may have been due to inadequate removal of the mesentery If the mesentery 
is the oiigmal site of the disease, as perhaps Reichert’s work would lead us to 
believe, 01 if, on the other hand, the lesion starts 111 the small bowel and then 
travels to the mesenteric nodes, in either case, there is a perfectly good prob- 
ability of extension taking place to adjacent bowel after resection, if those 
infected nodes have not been or cannot be removed 

I do no^say that one can remove the complete segment of involved mesen- 
teiy m all cases, but I do believe we should make the effoit to make as wide 
a resection of the mesentery as we do of the bowel itself 

Dr John Homans (Boston, Mass ) Doctoi Keri asked for information 
as to lecurrences and among the six cases upon which I have operated 
There has been one recurrence, which was of so striking a nature that it is 
worth reporting , also, 111 some of the other cases, the limit of the disease has 
been so uncertain that I can hardly believe anyone could have been sure, 
without sectioning specimens from a long area of bowel, that he could tell 
how far the disease had spread 

The recuirence was one of a typical ileitis in a man with a great many 
inflamed nodes in his mesentery, and a very considerable area of the mesen- 
tery was involved, so here I think that Doctor Mixter’s suggesuon as to the 
cause of the lecurrence may apply 

I 1 esected an aiea including perhaps a foot above the disease, removed the 
cecum and the ascending colon, and made an end-to-side anastomosis The 
lecunence evidenced itself within two weeks The patient was then treated 
medically for a year or more, after which he was again explored So much 
disease was found in the mesentery and so much bowel apparently involved, 
that it was felt he was incurable A half-hearted attempt was made to carry 
him along by establishing an anastomosis between the normal bowel and the 
tiansverse colon, which did no good 

He then went to Doctor Ciohn, under whose direction he was subjected 
to a resection, since which operation, he has suffered another recurrence, so I 
fancy that he is actually incurable, perhaps for the reason that Doctor Mixter 
suggested — too much of his mesentery has become involved m the disease 
and causes reinfection of the bowel 

I should also like to add that in two cases I have seen the disease in the 
cecum and ascending colon In one of these, I had resected around the 
corner of the transveise colon into what I thought was normal bowel, and 
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the pathologist leported that halfway acioss the transverse colon the disease 
was still present, so in that case nobody could have been sui e 

Anothei recent instance occuired in a male, age 21, who had had the 
disease foi exactly two hours, symptomatically, before I opeiated upon him 
It was an unusual case, in which there was nothing to be noticed except a 
very slight thickening of the cecum and ascending colon and only slight dilata- 
tion of the lower ileum for pei haps a couple of feet An appendicectomy was 
perfoimed Subsequent roentgenologic examinations showed only the faint- 
est possible involvement of the cecum The rest of the bowel appeared com- 
pletely noimal 

I should add that there weie a few large nodes in the mesenteiy, I feel 
that there was no way of telling how much should have been resected My 
own feeling is that this disease is a rather loving one, that is, not by any 
means confined to the small bowel, that the extent of the disease in the 
mesentery sometimes makes it incurable, and that it may extend so far down 
the large bowel that no one, even on the operating table, can be sure of 
its extent 

Dr Claude F Dixon (closing) Just as frequently happens, the dis- 
cussion of the paper has been moie intei esting than the presentation itself 
Doctoi Kerr has mentioned an important point, namely, that in this condi- 
tion, which we have called regional enteritis, there may be apparently normal 
portions of bowel between involved segments Five or six such cases have 
been observed at the clinic In these instances, although there is no gross 
evidence of pathologic change in the intestinal wall, the apparently normal 
segment is maikedly dilated, as a rule 

The early phase of segmental enteritis may pioduce rather marked symp- 
toms without gioss evidence of disease on the serosal surface of the intestine 
A case upon which I operated serves to emphasize this point The roent- 
genologist had made a diagnosis of terminal ileitis but I was unable to detect 
any gross abnormality in the ileum or cecum and I closed the abdominal in- 
cision without doing anything further than to make a careful inspection 
Eight months later, because of an exacerbation of the symptoms, the patient 
was operated upon again The surgeon found marked thickening of the wall 
ot the terminal eight or ten inches of the ileum, and that this portion of the 
intestine was covered by a dense exudate He resected the intestine and satis- 
factory convalescence followed In these early cases, the ulceration in the 
mucosa is appaiently the defect which the roentgenologist finds By placing 
a light behind the suspected segment of intestine and transilluminating it, one 
may be able to detect a small defect such as an ulceiation or a polyp Dur- 
ing the past few months I have employed a cold Cameron light for this pur- 
pose and have found it most helpful 

Doctor Lehman’s case is extremely interesting to me It emphasizes that 
even if a poition of the diseased bowel is left in situ, recovery may follow 
Howevei, I believe that when one is dealing with true segmental enteritis, 
extensive recurrence of the disease is most likely to follow unless radica 
tesection is earned out And I agree with Doctor Mixter that a radica 
excision of mesentery should be made if enlarged nodes are present 

Regaidmg the method of anastomosis of the intestine I realize that many 
surgeons employ end-to-end or end-to-side anastomoses, nevertheless, u 
am to carry out the procedure I feel, as a rule, that the side-to-side nietnoc 
will be found the safest 
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PERIANAL FISTULAE AS A COMPLICATION OF REGIONAL 

ILEITIS 
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New York, N Y 

FROM THE MEDICAL SERVICES, MT SIVAI HOSPITAL, NEW YORK CITY, \ Y 

Sinus tiacts and fistulae of vauous kinds constitute one of the most 
constant manifestations of ileitis, they originate in the distal ileum which 
then constitutes the pioximal end of the tiact The fistulae teiminate on 
a suiface of the body, epidermal or endodermal The most common site 
of termination is on the abdominal wall, the fistulous tract burrowing through 
the scar of a previous operation (usually an appendicectomy ) Wheie no 
operative scar is piesent on the abdominal wall, we have raiely seen fistulae 
Other common sites of termination are Segments of the colon, particularly 
the cecum, the ascending colon and the ubiquitous sigmoid loop of the pelvic 
colon , vagina, 1 ectum or ui etei s 

Of late, in addition, we have received the oial descnption of a case of 
ileitis whose earliest and fiist manifestation was a fecal fistula, making its 
exit as a perinephric abscess in the right lumbar paravertebral area (Dr A 
Snapper of Amsterdam, Holland) Another case seen by one of us (BBC) 
presented foui lumbai fistulae placed in linear arrangement vertically in the 
light lumbar aiea, accompanied by two inguinal fistulae, all of them dis- 
charging feces In neithei of these lumbar cases were intestinal symptoms 
noted, nor was there any suspicion of an intestinal disease until the fecal 
content of the fistulous abscesses became apparent 

One of the most common types of fistulae complicating ileitis, however, 
remains to be described, namely, the perianal fistulae We were not at 
fiist conscious of the fact that anal and perianal fistulae constitute a fie- 
quent complication of the condition But with more careful observation 
we have noted that eight out of 50 analyzed cases of regional ileitis exhibited 
anal fistulae as a complication, an incidence of 14 per cent Probably this 
figuie repiesents much too modest an estimate, for fistula-m-ano, unless 
questioned for in taking a clinical history, may easily be ovei looked, and 
unless searched foi in a complete physical examination, may be completely 
missed 

It is lemaikable to note how fiequently the fistula-m-ano was the first 
clinical manifestation of ileitis, even pieceding consciousness of disturbed in- 
testinal function Such fistulae are usually local phenomena ongmating, 
pi esumably, in a crypt of Morgagni, infected by the contaminated ileal con- 
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tents tiansported to this spot, the tract makes its exit either m the anal 
region itself, commonly between 01 through external hemorrhoids, at the 
anocutaneous maigin, on one of the buttocks, m the perineum, or, in women, 
as a lectovaginal fistula They may be single or multiple, they may appar- 
ently close up f 01 a time, but almost invariably reopen and leak a thin seious, 
purulent or fecopuiulent discharge They persist as long as the ileitis per- 
sists and is active, they close spontaneously when the affected small intes- 
tine is resected and may heal when a short-circuiting operation is successful 
The rectovaginal fistula is the most peisistent and requires surgical removal 
by dissection, a procedure which is often not successful and frequently must 
be repeated 

It is of couise recognized that fistula-in-ano is a common disease asso- 
ciated with many diariheal conditions of various origins On the other 
hand, simple fistula-in-ano most fiequently is a puiely local manifestation, 
independent of any pievious 01 associated disease, or accompanying simple 
constipation, the nonspecific fistula-in-ano is the type most commonly seen 
Tuberculosis, while reputedly the cause of most of these fistulous tracts, is 
laiely found and is actually an infrequent offendei, occurring in only about 
i pei cent of instances of fistula-in-ano Nonspecific ulcerative colitis is 
commonly complicated by penanal fistulae, according to Bargen, being pres- 
ent in 26 out of 697 instances, or 3 7 per cent of cases of ulceiative colitis 
Probably any diarrhea, caused by inflammatory disease of the intestine, may 
be and is, complicated by fistula-in-ano, no matter how distant the source of 
the diseased segment Submucosal infection m the crypts of Morgagni forms 
a low-giade abscess which breaks inwaid to the lectal mucosa and outward 
to the buttock or perianal region 

Nomnfectious diarrheas do not pioduce perianal fistulae We have never 
seen gastrogenous, neurogenic or alleigic diarrhea, no matter how severe, 
complicated by fistula-m-ano 

The majority of perineal fistulae complicating ileitis are of local origin 
in the ciypts of Morgagni We have good reason, however, to suspect that 
theie exist instances of duect fistuhzation from ileum to lectum or to pen- 
lectal spaces and then continuously downward to the perineum The long 
fistulae originating from the terminal ileum aie usually not direct m their 
course They are veiy tortuous and conduct intestinal contents to the P en " 
neum They become secondanly infected, paiticularly when they head down- 
ward and approach the pelvis Low-grade pelvic abscesses frequently form, 
the infection seeps or spreads downward into the penrectal or ischiorectal 
spaces forming a perirectal abscess to the right of the rectal wall as it tra- 
verses the pelvis in its extiaperitoneal course This abscess continues to 
burrow downward and inward to point into the rectal cavity or somewhere 
near the anus It is difficult to prove this point as we have not been abk 
to follow such a fistulous tract throughout its continuity But we have been 
able to trace, roentgenologically, the fistulous tract from ileum to pararecta 
abscess , again, in particular instances, we have been able to visualize an oc 
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casional peri-anal external fistula, by injecting lipiodol or sodium iodide 
into its tract and, by roentgenography, piove that its couise cairies it up- 
ward and toward the ampulla of the rectum Appended are three rather 
typical case histories which illustrate the existence and couise of such “long” 
fistulous tracts 


CASE REPORTS 

Case i — We are indebted to Dr Joseph Tomarkin of Cleveland, Ohio, and Dr 
A A Berg for data on this case Hosp No 399S80 S G , white, male, age 26, 
had been complaining of intermittent attacks of abdominal pain for one and one-half 
years This pain localized in the center of the abdomen but was not associated with 
nausea or vomiting Examination revealed tenderness over McBurney’s point accom- 
panied by definite spasticity of the right rectus abdominis There was also tenderness 
in the right side of the pelvis on rectal examination No masses were felt Temperature 
was ioo° F, leukocyte count, 16,400 Urine analysis was negative Pi eopeiatwe 
Diagnosis Acute appendicitis 

Pnmaiy Operation — The appendix was found to be much enlarged and appeared 
gangrenous It was situated in the mesenteric fold of the ileum and presented a small 
pocket of pus at its tip The suigeon noted some redness and thickening of the ileum, 
contiguous to the appendix and extending for a distance of two and one-half to three 
inches along the terminal loop of the ileum The appendix was removed and the ab- 
domen was closed with drainage The patient made an uneventful recovery Pathologic 
Diagnosis “Chronic catarrhal and subacute appendicitis and periappendicitis ” 

He was readmitted to the same hospital in Cleveland, Ohio, two and one-half 
months later, because of the recurrence of vague epigastric and umbilical pain There 
had been no nausea or vomiting and his bowels were regular Temperature, normal 
On this occasion a mass was palpable by rectum, due to this a diagnosis of regional 
ileitis was suggested Roentgenologic examination, however, showed no deformities in 
the ileum or cecum As a result he was treated conservatively and when, after a few 
days, the mass, which had been felt by rectum, diminished in size, the patient was 
discharged 

One month later, he developed colicky pain in the left lowei quadrant There 
was no nausea 01 vomiting, diarrhea or constipation He was running a subfebrile 
course and had lost a good deal of weight Examination per rectum revealed a large 
mass This was explored with a needle inserted through the lateral rectal wall, and 
pus was obtained The abscess cavity was, therefore, diained through the rectum 
Biopsy of some tissue from the wall of the abscess was reported as having an acute 
inflammatory reaction After some improvement, the fever and pain recurred and the 
abscess cavity was again drained About two ounces of pus were obtained and he 
began to improve rapidly One month later, he was again readmitted to the same 
institution, suffering with marked diarrhea and a total loss of 75 pounds in weight 
His stools were bloody and defecation was preceded by abdominal cramps Roentgeno- 
logic examination of the small intestine, at this time, showed a typical ileitis with in- 
ternal fistula formation He was transfused and transferred to the Mount Sinai Hos- 
pital in New York City 

Secondaiy Opeiation — Octobei 30, 1936 He was explored by Dr A A Berg, 
and was subjected to an ileocecal resection with lleo-ascendmg colostomy and excision 
of fistulae between ileum and rectum It was noted that the terminal foot of the ileum 
was thickened, indurated, and chronically inflamed There were numerous peritoneal 
adhesions between loops of ileum The mesentery of the affected ileum contained num- 
erous large, oval, grayish nodes A fistulous tract was present extending down along 
the right pelvic wall to the rectum about one inch above the anus 

Pathologic E lamination, Gioss The resected intestine revealed chronic and acute 
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ulcerative terminal ileitis with multiple fistulae and subacute peritonitis Eight centi- 
meters from the ileocecal valve there was a perforation, about one centimeter in diameter, 
originating in the lumen of the ileum, and transversing the region of the mesentery' 
This was lined by reddish-gray granulation tissue Four centimeters proximal to this 
fistula, and on the opposite side of the mesentery, there was another perforation of the 
bowel The submucosa was thickened and showed numerous fistulous tracts His post- 
operative course was complicated by a pneumonia which led to a lethal outcome after 
about two weeks 

Case 2 — Service of Dr Richard Lewisohn Hosp No 384578 H B , male, age 
21, had developed pain, redness and swelling in the perianal region two years pre- 
viously An abscess was incised, pus evacuated and the area gradually, but not com- 
pletely, closed over About 19 months later a probe was inserted into the persistent 
opening for a variable distance upward The fistula refused to heal and continued 
to discharge thin purulent material 

About six months before admission (one and one-half years after the first appear- 
ance of the fistula-in-ano) he developed cramp-like supra-umbihcal pains, nonradiating 
and unrelated to meals This pain continued for five weeks with afternoon rises of 
temperature to 101° F Appendicectomy was performed elsewhere and a “ruptured ap- 
pendix with abscess” was found and drainage was instituted The drain was removed 
in one week and the wound healed completely in 12 days As he was about to be dis- 
charged, he developed pain in the right hip extending down to the thigh and associated 
with fever The wound was reopened and again drained A sinus to the abdominal 
wall formed which persisted for one month, but then closed, he was considered ready 
for discharge At this time, he developed pain in the right lower quadrant where he 
noted a red, tender, painful, swollen area This was incised and drained, and continued 
to drain up to the time he came under our observation, a period of four months Six 
weeks before this period of observation the original incision reopened and remained as 
a draining sinus in the anterior abdominal wall The tender mass in the right lower 
quadrant of the abdomen now reappeared 

Physical Examination — The following significant features were noted There were 
two incisional scars in the right lower quadrant The medial scar was a three inch para- 
rectus incision beginning just below the level of the umbilicus It presented a pinhead- 
sized opening at its lower end This orifice was surrounded by granulation tissue anJ 
exuded pus on pressure The lateral incision paralleled Poupart’s ligament and ex- 
tended just above it two inches from the anterior superior iliac spine It was sur- 
rounded by granulation tissue and showed a greenish, foul discharge There was a 
mass just lateral to the pararectus incision over which tenderness and rigidity could 
be elicited 

On the left buttock, one inch from the anus and in the “4 o’clock position,” was a 
crusted polypoid mass from which pus exuded This was surrounded by an area of 111- 
duration above which a second opening could be seen 

Injection of hpiodol into the upper abdominal sinus, with occlusion of the lower 
one, outlined several tortuous sinus tracts The greater part of the hpiodol trave e 
downward and puddled in the pelvis 

Gastro-intestinal roentgenograms showed no evidence of a lesion of the stomac 1 
or duodenum Observations of the small intestine, made at hourly intervals, s ,0 "^ 
the jejunal loops displaced to the left by a mass m the right iliac fossa The terniu 
ileum was narrowed, irregular and markedly deformed, indicating the presence 0 
nonspecific ulcerating lesion involving the ileum and cecum 

Opeiation — September, 1935 Dr Leon Ginzburg The ileum was cut across a ove 
the involved area, both ends were turned m and an lleotransverse colostomy was 
formed, thus excluding the mass from the fecal stream His physical condition 
eluded any extensive exploration His postoperative course was uneventful an 
fistula-in-ano became as} mptomatic The discharge from the abdominal fistu ae o 
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ually diminished, the fistula eventually closing The fistula-in-ano closed spontaneously 
after the abdominal procedure, and has remained closed to date 

Case 3 — Service of Dr Richard Lewisohn Hosp No 407492 S F , white, fe- 
male, age 24, had been perfectly well until six and one-half years before commg under 
observation, when she suddenly developed diarrhea while undergoing reducing proce- 
dure There were as many as 20 nonbloody movements daily, accompanied by severe 
perineal pain Fever was absent Six months after the onset, a “rectal cyst” was ob- 
served 111 another institution and incised Four months after this operation the diarrhea 
subsided spontaneously A report from the above hospital indicated that she had had 
a perirectal and a vulvovaginal abscess, both of which had been incised and drained 

Six months after the first operation, she developed an abscess of the right labia 
majora, which was incised and drained Shortly thereafter a swelling of the right 
buttock developed, which was also incised and drained, as was also an abscess of the 
left labia The surgeon reported these as simple ischiorectal abscesses One and one- 
half years after the onset, and soon after the drainage of the second labial abscess, a 
rectovaginal fistula was found This fistula was repeatedly operated upon, but never 
with successful issue Feces were passed per vaginam and there was a persistent 
vaginal discharge The failure of the rectovaginal fistula to close led to further in- 
vestigation and it was found that there was a sinus tract in the rectovaginal septum 
which ran so far up that “it was necessary to leave the innermost portion of it behind 
because of the danger of entering the abdominal cavity ” At this time a roentgenologic 
examination of the gastro-intestinal tract showed a stasis in the small intestine which 
was attributed to adhesions Shortly thereafter, a celiotomy for “intestinal obstruc- 
tion” was performed and an appendicectomy was carried out No details of the mtra- 
abdominal findings were given 

About ten months before coming under our observation, she was suddenly seized 
with severe abdominal pain and admitted to another institution Reports from this 
hospital indicate that the patient apparently had had a partial intestinal obstruction, 
which was attributed to a “chronic adhesive peritonitis ” During all the years of her 
illness, the patient had suffered from diffuse lower abdominal cramps which were 
present daily, and were accompanied by frequent recurrences of her watery diarrhea 
In the five weeks preceding our observations, the cramps and diarrhea had increased 
to the point of necessitating hospitalization 

Physical Examination — Mt Sinai Hospital, New York The patient was a well- 
developed and well-nourished young white female who presented a soft abdomen which 
was not distended or tender There was a well healed midline hypogastric scar No 
intra-abdominal masses were felt There were several well healed scars in the perineum 
Gynecologic examination showed a fistulous opening just within the vagina, about one- 
half inch above the fourchette, and leading into the rectum Tuberculin tests were 
negative Roentgenologic examination of the chest showed no abnormalities Blood 
count showed only a mild secondary anemia The blood Wassermann test was negative 
Blood chemistry studies on admission were essentially normal Examination of the 
stool showed the presence of occult blood but no ova or parasites There were no 
serologic or cultural evidences of dysentery infection Examination of gastric con- 
tents showed the presence of free acid A gastro-intestinal series showed a dilatation 
of the distal jejunum and ileum, with evidence of an ulcerating lesion m the latter 
Under observation, she progressively lost weight and had repeated episodes of fever 
and abdominal cramps 

Opeiahon — A typical regional ileitis, with marked enlargement of the mesenteric 
nodes and massive adhesions which matted together various loops of small intestine was 
demonstrated A fistula was found connecting the ileum and sigmoid colon This was 
divided, and the involved ileum, cecum and ascending colon resected and and lleotrans- 
verse colostomy performed It was then found that there was a fistulous tract in the 
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mesentery extending down toward the pelvis It was not explored further due to the 
duration of the operative procedure 

Following a prolonged postoperative convalescence, the patient was discharged much 
improved, but with the rectovaginal fistula still patent It was considered wise to post- 
pone repair of this fistula to a later time 

Discussion — We may summarize these three cases as follows In Case 
I, a fistulous tract originated in the ileum and burrowed down into the 
pelvis, presenting itself as an abscess which reached to within an inch of the 
penneum befoie it was incised The second case presented a small fecal 
fistula opening in the perineum This was the lesult of an ischiorectal 
abscess which antedated the onset of the intestinal symptoms, but which 
eventually pointed to the presence of a regional ileitis In addition, the 

patient presented two fistulae to the abdominal wall The injection of 

hpiodol through the abdominal wall fistulae led to a cavity deep in the pelvis 
A short-circuiting operation lesulted in the spontaneous healing of all the 
fistulous tracts In the thud case, we were confronted with two fistulous 

tracts, both dnected toward the pelvic floor — the one extending downward 

from the ileum to the ischiorectal fossa, the other extending upward from the 
perineum through the rectovaginal septum approaching the same area in the 
pararectal space 

In a recent analysis of the clinical histories of a series of 56 consecutive 
cases of regional ileitis, we weie struck by the frequent occurrence of “fistula- 
m-ano” as narrated by the patient in discussing past gastro-intestinal dis- 
order Several of these patients presented perineal scars as evidence of 
previous suigical mtei feience and in a few instances several nipple-like 
excrescences weie found fiom which purulent material could be expressed 
Objective data on such cases weie observed in eight instances in this series, 
indicating an incidence of about 14 pei cent 

Such penrectal or perianal suppuration would not be considered an un- 
usual complication in a disease process so prone to manifest itself with 
diarrhea, weie it not for its high incidence and unusual clinical features 
In an analysis of 693 cases of clnonic ulcerative colitis, Baigen found 26 
cases of pernectal abscess and fistula-m-ano, which he considered to be d ue 
to infection of the crypts of Morgagni with subsequent invasion of the 
perirectal tissues and abscess formation These figures would indicate an 
incidence of 3 7 per cent of fistula-in-ano 01 penrectal abscess in chronic 
ulcerative colitis In a similai analysis of a mixed group of patients with 
various complaints lefeiable to the anus, rectum or colon, he found fistula 
m-ano to be present in 5 per cent of the total series 

The well-known tendency to intia-abdominal sinus and fistula formation 
shown by the pathologic process chai actenstic of legional ileitis, led us to 
believe that the perineal process might be another expression of the same 
buri owing capacity so frequently found in the production of fistulous con 
nections between ileum and intra-abdominal viscera or abdominal wall 
These long or continuous fistulae are uncommon in comparison with tie 
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moie frequently observed simple, short fistula-m-ano They are, however, 
exceedingly interesting and will bear careful clinical obseivation and record- 
ing As a clinical manifestation, they frequently precede all symptoms 
which may cause suspicion of, or direct attention to the intestinal tract and 
particularly, the ileum 

For that matter, all fistulae which occur m association with ileitis may 
precede the consciousness of an intestinal disturbance This applies to the 
fistulae in the abdominal wall which follow a futile exploratory operation, 
as well as to fistulae to segments of the colon, to the inguinal or lumbai 
regions, on fistula-m-ano The ongmal disease is of so subdued a nature 
and luns such a mild chronic course that the fistulae often piecede the history 
or consciousness of dianheal disturbances In fact, of late we have seen 
ileitis with only constipation, but with fistulae-m-ano already recognizable 
Every case which presents itself with fistula-in-ano should deseive care- 
ful clinical pieopeiative study The general conception that most fistulae-m- 
ano are tubei culous in origin is entn ely erroneous , according to the patho- 
logic recoids of the Mt Sinai Hospital (Dr Paul Klemperer), less than 
i per cent of granulation tissue removed at operation and subjected to study, 
reveals the tuberculous nature of such fistulous tiacts 

Every case of fistula-m-ano is entitled to a proctoscopy, to rule out ulcera- 
tive colitis, to a caieful roentgenologic study of the intestinal tiact, to a 
1 oentgenogi am of the chest to establish the existence or nonexistence of 
tubei culosis , and to a careful history and an even more careful physical 
examination 

In any case suspected of ileitis in which the roentgenologic findings aie 
inconclusive and not convincing, the existence of one or more perianal fistu- 
lous tiacts should matenally support the diagnosis of an ileitis, providing of 
course that ulcerative pioctitis 01 colitis is excluded 

Treatment — Penanal fistulae, paraiectal abscesses and rectovaginal fis- 
tulae originating fiom ileitis aie best handled surgically by efforts directed 
to lemove the pnmaiy disease When the ileitis is entirely resected, the 
fistulae almost invariably close and heal permanently Oui experience with 
short-circuiting opeiations is insufficient, but we have leason to doubt that 
they will unifoimly, or even in a majority of the cases, lead to healing of 
the fistulous tracts in the anal region, occasionally, however, such short- 
en anting opeiations aie successful in causing healing of the fistulae 
Persistent diarrhea is a deterrent to healing of such tracts, it is better 
to resect the ileitis in its continuity rather than leave a persistent focus 
of infection within the intestinal lumen with its recognized capabilities as a 
ti ouble-maker 

Wheie the fistulae fail to heal spontaneously aftei the ileitis has been 
propei ly handled, local excision of the tiact, curettage and suture should be 
instituted, piovided the bowel function has been restoied to normal In our 
experience the rectovaginal fistulae always require operation and cauteriza- 
tion, usually, unfoitunately, with little success, so that many attempts are 
required befoie a satisfactoiy lesult can be obtained 
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THE RESULTS OF OPERATION WITHIN FORT Y-EI 3HT HOURS OF THE 

ONSET OF SYMPTOMS 

Henry F Graham, M D and Milton E Hoefle, M D 

Brooklyn, N Y 

There has been a steadily inci easing intei est in eaily opeiation foi acute 
cholecystitis dunng the past decade, but the teim “early operation” seems to 
mean anything fiom early in the disease to soon after admission to the hos- 
pital, although the patient may have been pi eviously ill at home for some days 
To evaluate lesults, it is desuable to set a definite time and, for the purpose 
of this study, we have chosen the hist 48 hours from the onset of the symp- 
toms of the acute attack 


Table I 


OPERATIONS TOR ACUTE 

Surgeon 

CHOI ECYSTITIS WITHIN 48 HOURS Or THE ONSET 

Number Cholecystectomy Cholecystostomy 

Deaths 

Graham 1 

20 

18 

2 

1 

Heuer 2 

50 

49 

1 

2 

Stone 3 

2 

2 

0 

0 

Walters 1 

7 

6 

1 

0 

Taylor 5 

19 

? 

? 

1 

Graham and Hoefle 

51 

5 i 

0 

2 

Kunath 6 

6 

0 

6 

0 

Zinmnger 7 

12 

? 

? 

0 

Totals 

167 

126 

10 

6 

Mortality Percentage 

Table I shows that in 

167 cases 

which were 

3 59 % 

operated upon within 48 


hours of the onset, there occurred six deaths, a mortality rate of 3 59 per cent 
We aie more concerned with the pi omptness of the operation than with the 
type of pioceduie, but cholecystectomy was the opeiation of choice in these 
cases, while cholecystostomy was reseived for the more critical cases 

Theie are certain factois that make a cholecystectomy for acute chole- 
cystitis more difficult than one performed in the quiescent penod The gall- 
bladder is often tense and distended The tissues aie moie friable and the 
bleeding is more profuse Theie is more swelling aiound the cystic duct 
It may be necessary to aspirate the gallbladder, and we usually piefer in 
these acute cases to remove it from above downward, controlling the bleeding 
from the liver bed by the piessuie of a gauze pad and a retractor The 
cystic duct is caiefully ligated, using ti action toward the common duct 
instead of away from it This prevents the possibility of pulling the cystic 
duct off accidentally at a lowei level than was intended It, for any reason, 
the cystic artery escapes and bleeds, it is easy to control this and secure a 
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dry field by the use of a small angulai leti actor or the fingei in the foramen 
of Winslow making piessuie on the hepatic aitery until the bleeding vessel 
has been clamped and ligated An oozing livei bed, that cannot be obliterated, 
can be quickly pentonealized and tendered diy by a fiee omental giaft lightly 
tacked m place by a few intei mpted sutuies A large percentage of cultures 
taken duiing the fiist 48 hours lemain stenle and, theiefoie, infection is not a 
major problem at this tune 

It has frequently been said that acute cholecystitis is not like acute ap- 
pendicitis, and that there is not the same necessity for prompt operative mter- 
feience The statistics in Table II show the mortality at vanous periods 
after the onset of symptoms 

Table II 

ONr HUNDRED CONSECUTIVE CHOLECYSTECTOMIES FOR ACUTE CHOLECYSTITIS 

From the First Surgical Service of the Methodist Hospital, Brooklyn, N Y 
January 1, 1929, to October 1, 1937 


Onset of Symptoms 

Edematous 

Suppurative 

Gangrenous 

Perforated 

to Operation 

No 

Died 

No 

Died 

No 

Died 

No 

Died 

Up to 48 hours* 

26 

0 

19 

0 

3 

0 

3 

2 

2 to 5 daysf 

14 

1 

8 

1 

5 

0 

0 

0 

5 days or morej 

H 

1 

3 

1 

4 

2 

1 

1 

Total 

54 

1 

2 

30 

2 

12 

2 

4 

3 


* Acute cholecystitis operated upon within 48 hours — 51 cases — 2 deaths — 3 92 per cent 
t Acute cholecystitis operated upon 2 to 5 days — 27 cases — 2 deaths — 7 40 per cent 
f Acute cholecystitis operated upon 5 days or more — 22 cases — 5 deaths — 22 72 per cent 
Total mortality m 100 cases — 9 deaths — 9 o per cent 

A delay of moie than five days gives a high operative mortality, and 
raises the question of whether operation should be pei formed or delay ad- 
vised This must be decided for each individual case When operation is 
performed in these cases, the further question of what operation is indicated 
will arise Note that theie weie three patients with gangrenous gallbladders, 
and thei e wei e also three patients with perforated gallbladders, within 48 hours 
of the onset of the attack, and two of the lattei died Harvey Stone 3 cites 
an instance of a totally gangienous gallbladder, with autolysis, which he 
found at opeiation, seven hours aftei the first seveie pam which marked the 
onset Gangrene was also present m another case In a third patient, who 
was being studied for obscuie digestive symptoms of three months’ duration, 
a pei foration of the gallbladder with resultant peritonitis suddenly occurred, 
necessitating an emergency opeiation In Kunath’s 0 six cases, there was one 
patient with a gallbladder already gangienous, and two cases in which 
perfoiation had occuired In Taylor’s 5 19 cases, opeiated upon within 48 
houis, five weie alieady gangrenous These are not rare or unusual events 
Most of the lecently published series of cases of acute cholecystitis show an 
incidence of gangiene of about 20 per cent 

In the last analysis, the gieatest emphasis must be placed upon the mor- 
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tahty statistics Whatevei method will save the most lives should be em- 
ployed In Pennoyer’s 8 senes of 300 cases of acute cholecystitis, heated 
in the Roosevelt Hospital, where the general policy was to delay whenevei 
possible, the mortality was io pei cent This piesents a staking contrast to 
the 3 59 pei cent moi tahty in the cases operated upon within 48 hours of the 
onset, and is a stiong aigument in favoi of a detei mined effort to obtain 
these cases for operation within 48 hours Consideration must also be given 
to the othei disadvantages of delay, namely, the days of pain, the sleepless 
nights, the starvation and debility, the long hospitalization and increased 
expense 

It is difficult to see two sides to this question, when it is so evident that 
a lowering 111 mortality could be accomplished so easily by education of the 
laity and cooperation between the family physician and the surgeon to secure 
a prompt opeiation, early in the attack, for eveiy person stiff enng from acute 
cholecystitis who is a proper opeiative risk 

SUMMARY 

(1) A series of 167 cases of acute cholecystitis operated upon within 48 
houi s of the onset of the attack has been collected The mortality was 3 59 
per cent 

(2) The difficulties of opeiation in the acute stage have been discussed, 
and also the methods that can be employed to minimize these dangers 

(3) An earnest plea is made foi education and effort to secure operation 
m acute cholecystitis within the first day 01 two of an attack 
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Epidermoid cysts of the spleen aie apparently veiy laie In a fairly 
careful search of the literature we have been unable to find any cases of this 
condition lepoited since 1933, when Shawan 1 collected thiee cases and added 
one of his own Custei, 2 in 1937, stated that he had seen five cases of simple 
epidermoid cysts of the spleen in 5,000 autopsies, but no description of them 
has been found in the liteiature Shawan cites Libaisch as having recalled a 
case but no lepoit was made The gieat lanty of this pathologic condition 
piobably accounts for the fact that epidermoid cysts aie not mentioned m 
most surgical text-books and aie omitted f 10111 some classifications of cysts 
of the spleen 

We were entnely unfamihai with this pecuhai tumoi formation until 
oui attention was atti acted to it by the appended case 

Case 1 — Female, age 7, had been in good health until February, 1937, when she 
developed an upper respiratory infection The family physician in his routine examina- 
tion discovered a tumor m the upper left quadrant of the abdomen which he thought was 
associated with the spleen Fie prescribed loentgenotherapy, but as the tumor remained 
unchanged after eight weeks’ treatment the child was sent to the Children’s Memorial 
Hospital At the time of her admission, June 21, 1937, the child had no complaints and 
appeared to be in good health Her past history was essentially negative 

Physical Examination disclosed nothing abnormal except a mass in the left upper 
quadrant of the abdomen in the region of the spleen The tumor appeared to be freely 
movable and extended at least two inches below the costal border and more mesial than 
the usual splenic border It extended upward nearly to the nipple, making the lower 
edge of the thorax bulge slightly on that side, and during inspiration the mass could be 
seen moving downward in the abdomen As the tumor emerged from under the costal 
margin a sharp line running parallel to the costal border was palpable and the fingers 
sank in above the mass Pulse, respiration and temperature were normal, as well as 
her blood count and uranalysis The Wassermann test was negative but the Mantoux 
skin test was strongly positive 

A fluoroscopic examination of the colon showed that the splenic flexure was depressed 
downward with a constant position beneath the mass but with no evidence of adhesions 
or obstruction A diagnosis of a splenic tumor, due to either tuberculosis or a neoplasm, 
was made 

Opeiation — Under ether anesthesia, the abdomen was opened through an upper left 
rectus incision A large cystic mass, intimately attached to the spleen, presented imme- 
diately The cyst was tapped and 520 cc of chocolate-colored, turbid fluid aspirated 
Removal of the spleen with the cyst was then easily accomplished 

Pathologic Examination — Gross The specimen is an almost globular, cystic mass, 
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with a rim of splenic tissue at its equator Its longest diameter is 15 cm , its widest 
12 cm The splenic tissue at the hilus is replaced by a cystic dome (Fig 1 a), measuring 
12x8x38 cm There is a patch of gray-white tissue (Fig 1 b), moderately firm in con- 
sistency, 4 5x3 oxo 4 cm , slightly lateral to the peak of this dome There is a similar 


Fig i Tig 2 



Fig 1 — Exterior of the specimen (a) Cystic dome at hilus region (b) Fibrous patch (c) Fibrous 
patch (d) Costal portions of cyst (e) Triangular projections of splenic tissue 
Tic 2 — Internal surface of the specimen (a I Irregularly disposed trabeculae (b) Crypts bounded by 

the trabeculae (c) Cyst capsule (d) Surfaces made by cutting the splenic tissue 



patcli (Tig ic) 2x25 cm at the junction of the lulus to the bodv of the spleui 
costal portion (Fig id) of the specimen is cystic, bulging and covered by a thin, gr 
white tissue, measunng 75x45x005 to o 1 cm 
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Tig 4 — Epithelium of the cyat (H &. E Xiioo) at Tig 3e (a) Epithelial cell with 
surrounding canalicuh and intercellular bridges 



l 5 — Boundary of cyst capsule and splenic tissue (V H & E Xioo) (a) Innermost 
port on of collagenous c\st capsule (b) Sparse splenic elements (c) Heat i fibrous trabeculae 
replacing the parenchyma 
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Internally there is but one large cyst present, its content 520 cc of sterile, chocolate- 
colored fluid somewhat thicker than blood serum in consistency The internal surface 
of the cyst contains a large number of irregularly disposed trabeculae (Fig 2 a) measur- 
ing from less than 1 to 8 Mm m thickness, bounding shallow crypts (Fig 2b) The 
trabeculae are gray-white to brown-gray Upon this internal surface there is plastered 
an adherent, waxy, brown deposit The cyst capsule (Fig 2c) is made up principally of 
gray-white fibrous tissue 2 to 4 Mm in thickness, except at the costal portion previously 
mentioned 



Tig 6 — (H &. E X100) (a) Basal layer of the stratified epithelium (b) 
Stratified epithelium bejond the basal layer Cc) Tibrous tissue Mith an infiltration 
of plasma cells, monocytes as well as red blood cells 


The cyst completely displaces all the splenic tissue except that bordering on the hflus 
region, where a rim of this tissue persists, the largest area a triangular projection 
(Fig 1 c) 4x3x23 cm The remainder of the splenic tissue forms a thin layer over the 
central portion of the cyst capsule, diminishing in thickness peripherally, almost m 
proportion to the distance from the hilus 

Surfaces made by cutting the splenic tissue are bluish-purple (Fig 2d) , the mar 
mgs are not unusual except for an increase m gray-white fibrous elements adjacent o 
the cjst capsule 
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Histology — The cyst epithelium, where present, varies from one to nine cells in 
thickness, is stratified, with no keratinized cells on the surface In the thinnest portions 
there is present a single or double row of flattened cells The nuclei of the cells m the 
stratified epithelium are basophilic, irregularly round, oval to flat with a tendency of 
the long surfaces of the nuclei to lie parallel to the epithelial surface The cytoplasm is 
palely basophilic and consists of irregular platelets separated from each other by an inter- 
communicating network of slender canaliculi Throughout the lumina of the canahculi 
there are fine linear “bridges” in nearly parallel rows, roughly perpendicular to the 
walls of the canaliculi (Fig 4) 

Figure 6 shows underlying the epithelium a layer of fibrous tissue, two to five cells 
thick, closely packed, the cells parallel to the epithelial surface Separating the epithelium 
and underlying fibrous tissue layer from the splenic tissue is a thick layer of irregular 
trabeculae of the underlying spleen There are small hemorrhages in each layer de- 
scribed, recent in nature (Fig 3d) 

The splenic tissue is not altered except for fibrous replacement of the parenchyma 
in almost a direct proportion to the contiguity with the collagenous tissue (Fig 5) 

Large areas of the cyst, as that of the costal portion, consist of nothing but fibrous 
tissue, no epithelial or splenic elements being present No hair follicles, sweat glands, 
pigment layer or other skin appendages are present 

In the gummy, brown deposit adherent to the epithelium there are present many 
macrophage cells with much vacuolization There is also present a relatively small 
number of red blood cells 

Studies of the fluid removed from the cyst 

Bacteriology — Direct smear showed cell debris but no organisms 
There was no growth on various culture medias 
Chemistry — N P N — 28 6 mg 
Total protein — 54 

Cholesterol — Sludge, 1st spec — 620 mg, 2nd spec — 780 mg , fluid, 1st spec — 168 
mg, 2nd spec — 178 mg 

Our attention was fuither drawn to the subject by a case which was 
studied by Dr H Gideon Wells, pathologist at the Univeisity of Chicago, 
and which we aie permitted to report through the couitesy of the attending 
suigeon, Dr W L Jeffries 

Case 2 — Male age 6 months, was born of apparently normal parents August 28, 
*935 Both parents showed a negative Kahn test On February 22, 1936, he was brought 
to the hospital because of fever and fretfulness He had had recurrent attacks of vomit- 
ing and abdominal distress for a week previous to admission 

Physical Examination was negative except for the presence of a large round mass 
in the left hypochondrium and lumbar regions A fluoroscopic examination of the gastro- 
intestinal tract showed that the stomach and intestines were displaced to the right by a 
tumor the size of a grapefruit, which occupied the left hypochondrium Roentgenologic 
examination of the urinary tract, after the injection of diodrast, showed a very tortuous, 
dilated left ureter and a marked dilatation of the left kidney pelvis with a large shadow 
in the left upper quadrant suggestive of a hydronephrosis An examination of the blood 
showed nothing abnormal A diagnosis of hydronephrosis was made 

Opeiation — February 24, 1937 Under ether anesthesia, what was thought to be the 
left kidney was drained through a retroperitoneal approach A quantity of clear, watery 
fluid with an acid reaction was removed Unfortunately the fluid was not analyzed 
further The child was discharged with a draining sinus March 4, 1936 

About six weeks later the patient was readmitted, because the sinus continued to 
dram, and on April 17, 1936, the left kidney and spleen -were removed The child 
expired the following day 
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Pathologic Examination — Gioss Figure ^ shows the fixed specimen which weighed 
2 3 gm (19 gm normal for seven and one-half months) The capsule is smooth except 
for a small area at the lower pole where it is lacking There is present an mtrasplemc 
cystic cavity 4x2x1 cm centering about the hilus Internally, there are present trabeculae 
similar to those seen in Case 1, except that they are brown-gray, fewer and broader, 
and the crypts fewer, deeper and broader The cyst is surrounded by a heavy fibrous 
capsule 2 to 3 Mm thick, containing focal areas of calcification, and is covered through- 
out by splenic tissue except at the hilus The impression gained by examination of 
the spleen was that originally there was present an extrasplemc cyst attached to the 
mtrasplemc portion No further description is given 
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Fig 7 — Case 2 Cut surfaces of the spleen showing interior of epidermoid cyst 

The cyst fluid, described at the first operation, was clear, watery and acid in reaction 

Histology — The cyst epithelium is stratified There is present a basal layer of dark 
staining cells two to five rows in thickness These cells contain oval, basophilic, vesicular 
nuclei with the longest surfaces perpendicular of the epithelial surface The cytoplasm 
is palely basophilic and consists of irregular platelets separated from one another b> 
canaliculi and “bridges” similar to those present in Case i The epithelium beyond the 
basal layer contains as many as 20 or more cells in various stages of degeneration with 
fragmented and pyknotic nuclei and with cytoplasm made up of little else than a palely 
eosinophilic cellular membrane This epithelium has thus the appearance of a fine 
eosinophilic network with pyknotic nuclei in the apertures of the net There are 110 
keratinized cells present 

Underlying the basal layer of the epithelium there is present a thick layer of fibrous 
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tissue, m some areas moderately loose, in others moderately compact Within this layer 
is present an infiltration of monocytes This fibrous tissue is continuous with the fibrous 
trabeculae of the spleen Many small, scattered hemorrhages are present in the fibrous 
layer 

The splenic tissue is not altered except for fibrous replacement of the parenchyma 
adjacent to the fibrous layer No hair follicles, sweat glands, pigment layer or other skin 
appendages are present 

Discussion — Epidermoid cysts of the spleen are usually large, solitary, 
and lined with stratified pavement epithelium with prominent intercellular 
bridges No other epidermal or dermal elements have been found in the cases 
reported, but Custer has stated that some have been described in which the 
cavity was filled with sebaceous material and hair These cysts have been 
reported to have weighed as much as 3 Kg and to have contained up to 1,500 
cc of watery, chocolate colored fluid usually containing cholesterol 

The general structuie of these cysts is strikingly similar from the trabec- 
ulated inner surface to the fibious capsule and secondarily compressed spleen 
The splenic tissue is usually unaltered except for gross compression and 
fibrous replacement adjacent to the cyst capsule 

All clinical symptoms associated with these tumors may be explained on 
the basis of compression of the surrounding viscera or abdominal distress 
from the dragging weight of the splenic mass 

Because the clinical picture is not distinctive the diagnosis is usually 
obscure Pressure on the left kidney and ureter may produce confusing 
roentgenographic findings suggestive of uimary tract obstruction as in Case 2 
Roentgenologic examination of the gastro-intestinal tract will usually 
demonstrate a downward displacement of the splenic flexure of the colon 
Attention was called to this finding by Ostra and Makaree This was 
present in Case 1 but it is meiely considered indicative of a splenic tumor 
In all probability epidermoid cysts, because of their rarity and nondistinctive 
clinical findings, will be diagnosed only after a histologic examination 

The treatment employed in all cases has been splenectomy When the 
abdomen is open, aspnation of the fluid content of the cyst, as suggested by 
Shawan and employed by us in Case 1, greatly facilitates the removal of the 
spleen with the attached cyst However, it is very necessary to be sure that 
the cyst is not parasitic before employing this procedure because of the danger 
of peritoneal contamination 

No satisfactory explanation of the origin of epidermoid cysts of the spleen 
has been offered A problem arises with the assumption that epidermoid 
epithelium is necessarily ectodermal in origin, and from such an assumption 
the necessity of accounting for ectodeim in an organ presumably arising from 
the mesenchyme 

An origin by ectodermal metaplasia similar to that of dermoid cysts has 
been suggested by Pohle 3 This idea is supported by Custer’s discussion, as 
well 

Santy, quoted by Shawan, suggests the possibility of displacement of the 
wolffian body, as does Dmand 4 The wolffian body may produce transitional 
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epithelium which under certain circumstances, such as a vitamin A deficiency, 
may become stratified and squamous 

Shawan discusses autochtonous fo} motion, accoidmg to which theory the 
mesoderm is capable of producing the products of any of the other primary 
germinal layers, including stiatified squamous epithelium 

Schneider 5 was of the opinion that during splenic development some of 
the coelomic cavity content capable of forming epidermis was enclosed in the 
spleen According to the studies of Thiel and Downey, 6 the coelomic meso- 
thelium definitely conti lbutes to the development of the mammalian spleen 
Summary — Herein aie reported two instances of epideimoid cyst of the 
spleen, occurmg in a gnl, age 7, and a boy, age 6 months All the patients 
pieviously repoited were in the second decade of life Case 1 meets in eveiy 
lespect the cntena of diagnosis Case 2 has a few questionable features 
namely, that the lemoval of the spleen took place two months after drainage 
with epithelialization from without as a possible result, that theie is evidence 
of infection of the wall of the cyst with its possible effect on epithelial type, 
and that the fluid removed surgically was found to be clear lather than choco- 
late coloied However, Case r probably represents a true example of an 
epidermoid cyst of the spleen 

This papei is presented as a contribution to the very limited knowledge 
of this rather tare and interesting pathologic condition, with the hope that it 
may stimulate the report of additional cases and thus perhaps verify Custer’s 
idea that epidermoid cysts of the spleen aie possibly not as rare as has been 
supposed 
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EMBRYOMA OF THE KIDNEY (WILMS’ TUMOR) 

William E Ladd, M D 

Boston, Mass 

from the department op sorcery or the children’s hospital, boston, and the 
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Embryoma of the kidney is one of the most malignant giowths of early 
life and it has a veiy high moitahty Some divergence of opinion has devel- 
oped m recent years as to the most desirable plan of treatment foi this condi- 
tion In many clinics preoperative madiation, nephrectomy, and postopeia- 
tive loentgenotherapy aie employed as the theiapeutic plan of choice In 
otheis, nephectomy is advocated as soon as the diagnosis is made Some 
surgeons advocate a posterolumbar incision, while otheis see the advantage of 
a transperitoneal approach 

The piesent communication attempts to evaluate the facts available from 
a partial leview of the liteiature, and in addition the study of 58 cases oc- 
curring in the Surgical Seivice of the Children’s Hospital of Boston Some 
of these cases weie pieviously reported, in 1932, by my former associate, Di 
Charles G Mixter 1 Of these 58 cases, 13 have been discaided for one of 
two reasons — either the patient was lost hack of aftei opeiation or a patho- 
logic specimen was not obtained by opeiation or autopsy Of the lemaimng 
45 patients, 44 weie operated upon and one died without operation, but a 
postmortem examination was made Theiefoie, in every instance a patho- 
logic as well as a clinical diagnosis is at hand, and in eveiy case the lesult of 
the tieatment is known 

It is unnecessaiy to leview the theories of pathogenesis, as that has been 
ably done by others, and the facts S-till letnain a niattei of snimise It is 
impel ative, however, to define these tumois from a pathologic and micioscopic 
point of view, as the nomenclatuie is still confused, even in recent articles 
Di Sidney Farber has kindly contributed these data 

Pathology — The embiyoma of the kidney is a large, solid, grayish-white, 
encapsulated, malignant tumor piobably of congenital ongin It is sur- 
lounded by a dense connective tissue capsule which is continuous with that 
of the kidney The kidney usually merges giadually with the convexity of 
the tumoi , and is sepaiated fiom it by a layer of connective tissue of micro- 
scopic to gioss pioportions In geneial, the tumor cannot be freed from the 
kidney Nodules aie sometimes found within the substances of the remainder 
of the kidney When rapid giowth occuis, hemorrhage and softening in paits 
of the tumor aie found 

Sometimes definite, scattered cysts may be encounteied The capsule is 
usually tense and occasionally the tumor bulges in lnegular masses at one 
or more places on the external surface The pelvis of the kidney may be com- 
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piessed, normal, 01, raiely, dilated Piessure atiophy is usually present in 
the lemaindei of the kidney 

On miscroscopic examination the tumoi presents a vaned appearance 
All stages from undifferentiated to partially differentiated cells of epithehal 
ongin and of the connective tissue senes (smooth muscle, striated muscle, 



Fig i — Photomicrograph of section of embryoma of kidney 
(S 37 483) Note tubular arrangement of epithelial cells The 
midportion consists of tumor cells of the fibroblastic series 
(Hematoxylin and eosin, Xioo ) 

sometimes bone and caitilage) may be found in the same tumor (Figs I and 
2) In some instances one type of cell may piedominate It is not possible 
to predict, with accuiacy, the nature of the type of cell from the gross appear- 
ance of the tumor Various degrees of activity are demonstrable in the same 



Tig 2 — Photomicrograph of section of embryoma of kidney 
(S 37 483) Ihis portion of the tumor consists entirely of striated 
muscle fibers (Phosphotungstic acid hematin stain, X 3 oo ) 


tumor Extension into small blanches of the renal vein or into the renal vein 
itself, or invasion of the pelvis of the kidney may be encountered The tumor 
is characterized by (i) Variegated histology , (2) rapid growth after a perio 
of slower activity, (3) the common occurrence of hemorrhage and necrosis 
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which may lead to rapture of the capsule, (4) the possibility of invasion of 
the renal vein or the pelvis of the kidney, (5) a tendency to reach a large 
size before metastases occur, (6) the frequency of local recurience and 
metastasis to the legional lymph nodes or 1 emote metastasis through the blood 
stream to the lungs 



Fig 3 - — Photomicrograph of section of embryoma of kidney 
(S 38 40) Note well developed bone marrow surrounded by dense 
bone, found in one portion of the section (Hematoxylin and 
eosin, X500 ) 

It should be emphasized that these solid tumors of the kidney m childhood 
should be grouped undei the teim embryoma of the kidney (mixed tumor of 
the kidney, Wilms’ tumor) despite the vaiied gross and histologic features 
which may be encounteied All tumors of this type are highly malignant 



Fig 4 — Photomicrograph of section of embryoma of kidney 
(S 37 483) Note well developed cartilage In upper left hand 
corner is an area of loose connective tissue surrounding small 
islands of cartilage The remainder of the tumor in this section 
consists of striated muscle and epithelial elements (Aniline blue 
stain, X100 ) 

The finer classification of the tumors m this group according to histologic 
structure is for the present, at least, of interest only to the pathologist, but 
has no important bearing on the prognosis or the treatment Of real 
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portance in the pathologic examination of surgically removed embryomata of 
the kidney are factors, such as degree and extent of hemorrhage and necrosis, 
rupture of the capsule, invasion by the tumoi of the renal veins or the pelvis 
of the kidney, and extension of the tumoi through the capsule 

In infancy and childhood embiyomata of the kidney must be differentiated 
from several other solid tumors which occur in the kidney region The sym- 
pathetic neuioblastoma, which arises from the medulla of the adrenal gland 
or fiom medullaiy tissue in the immediate vicinity of the adrenal gland, is 
usually 1 eddish-purple in color, well encapsulated, and is often him and 
nodular m consistency The kidney below the tumor is usually intact, al- 
though true invasion of the kidney may be found Metastasis to the skeleton, 
livei or oibit takes place usually before the neuroblastoma leaches the size of 
the average embiyoma of the kidney The neuroblastoma on microscopic 
examination may contain cells of the sympathetic senes in vanous stages of 
development (sympathogonia, sympathoblasts, or neuroblasts) In well fixed, 
suitable matenal the cells of the neuroblastoma are large, cylinducal and pyri- 
foim, and aie often ananged in pseudorosette foimation around a central 
zone, containing delicate fibrils repiesentative of axis cylinder piocesses 
Hemorrhage, often massive in type, and neciosis are common findings 
Dnect extension to neighbonng visceia may take place befoie distant metas- 
tasis OCCUl s 

The hypernephi oma of the kidney, oi the Giawitz tumor, is a solid tumoi 
which anses within the kidney We have not encountered a single example 
of hypeinephioma in the last 20 yeais at the Childien’s Hospital From a 
study of the hteiature, it appeals likely that a tiue hypernephroma is of very 
laie occui rence in infancy and childhood, and that the term hypernephroma 
has been used loosely to designate an embiyoma of the kidney in many in- 
stances It is impoitant to diffeientiate shaiply between these two totally 
different tumoi s of the kidney The hypeinephioma is usually yellow in color 
in contrast to the giayish-wlnte appearance of the embiyoma of the kidney 
The nucioscopic appearance is highly chaiacteristic The cells are large and 
have a cleai to foamy cytoplasm They grow at times in alveolar or tubular 
arrangement 01 in coids 01 nests of cells ai ranged in a fashion resembling 
somewhat the stiucture of the adrenal cortex 

Anothei tumor in the kidney legion is the massive “unattached” retioperi- 
toneal embiyoma of lenal anlage ongm This may be found on either the 
light or left side, or may giow nearei the nudline The tumor on gioss and 
microscopic examination lesembles closely the embryoma of the kidney ff 
is not attached to the kidney 

Diagnosis — The age incidence of embryoma of the kidney is of consider- 
able help in arriving at a diagnosis of this condition In oui series the aver 
age age was two yeai s and thi ee months, which corresponds moderately closely 
to other senes found in the literature Oui youngest patient was two months 
and the oldest child was seven yeais old 
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In this group theie were 26 females and 19 males, while in other series a 
slight predominance was found among the males 

The occurrence of the tumor was equally divided between the two sides 
22 occurred in the left kidney and 22 occurred in the right kidney, while in 
one patient the growth was bilateral 

Therefore, it is appaient that statistics are of little diagnostic value except 
to show that this type of tumor is common in the fiist three years of life 
when othei kidney tumors aie rare, while in later life the reverse is the rule 

The diagnosis of renal embryoma is not usually veiy difficult The mam 
factois 111 arriving at the coriect diagnosis are the clinical history and the 
palpation of the abdomen Embiyonal kidney tumois seldom give symptoms 
other than those of enlargement of the abdomen, and sometimes symptoms 
from piessure on the adjacent oigans The parent brings the child to the 
hospital, or to the physician, because she has noticed the child’s abdomen m- 
ci easing in size Unfortunately, it is very common for these infants to remain 
m an apparently excellent state of general health and without complaints, even 
after the tumor has assumed enormous propoitions The child’s apparent 
good health often results m delay befoie medical advice is sought This delay 
adds to the high mortality 

On abdominal palpation these tumors feel solid, are not tender or fluctuant, 
and then location in the kidney legion can be detei mined by bimanual exam- 
ination — one hand in the costovei tebi al angle and the other on the fiont of 
the abdomen The antenor hand may often outline the tumor as extending 
to the midline or beyond and well down into the iliac fossa Occasionally, 
the tumor feels nodular but more often it is smooth and rounded It is usually 
not mobile 

The urinary findings are seldom helpful in making a diagnosis Occa- 
sionally, one finds a few red or white cells, but more often the urine examina- 
tion is negative and the N P N is within normal limits 

Pyelograms, either intravenous or retrograde, may be suggestive but can- 
not be considered conclusive evidence of the presence or absence of embryoma 
of the kidney A distorted pelvis may be present m other conditions and an 
absolutely normal appearing pyelogram may exist in the presence of a very 
large embryoma (Fig roA and B , and Fig 9) Though it has been our prac- 
tice to obtain an intravenous or retiograde pyelogram in all cases where the 
diagnosis is in doubt, there are certain valid objections to making the latter 
a routine practice 

In the age group in which this tumor occurs, the cystoscopic examination 
requnes a general anesthetic, which means a delay before the nephrectomy 
Furthermore, it is only in the exceptional instance that the separate urine 
fiom each kidney has diagnostic significance The one strong argument m 
favor of routine cystoscopic examination is the desirability of knowing the 
renal function of the unaffected kidney 

Aspiration biopsy, as recommended by some writeis, has proved unreliable 
m our hands as a diagnostic method, unsafe as a surgical procedure, and is 
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quite likely to cause implantation recurrence We abandoned the procedure 
almost 20 years ago It seems, at least, theoretically important that as little 
trauma should be occasioned in handling these patients as is consistent with 
making a piobable diagnosis We know that the malignant cells may be cast 
off into the blood stieam at any time and feel even slight trauma may facili- 



Fig 5 (A) — Photomicrograph of a section of kidney, the seat 
of an embryoma (S 36 370) Note the small cluster of tumor 
cells in branch of renal rein (arrow) Note compressed renal 
tissue above the vein (Hematoxylin and eosin, X130) 

tate this incident (Fig 5 A and B) Our convictions are strong enough along 
this line to not allow these patients to be examined by a multitude of students 
01 in fact by any more people than is absolutely necessary 

Although numerous pathologic conditions might have to be differentiated 



Fig s(B) — Photomicrograph of portion of field shown in 
(A) (arrow) Note cluster of tumor cells surrounded by eryth 
rocytes in renal vein (Hematoxylin and eosin, X900 ) 


from embryoma in the diagnosis, there are only two which have caused us 
much concern in the age group in which this disease occuis These two are 
retroperitoneal neuroblastoma and hydro- or pyelonephrosis The neuromas 
tomata are not so very rare, in our experience, and resemble the embryoma 
in being rapidly growing, and often distort the renal pelvis The points o 
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dissimilarity are that the neuroblastomata are commonly nodular, extend ear- 
lier to both sides of the spme, and do not displace the ascending or descending 
colon toward the midline as the embryomata usually do However, there is 
no definite method of always diffei entiating between these two tumors before 
operation, nor is it essential to do so, as an operation is required in either 
case 

Hydro- and pyelonephrosis are also not rare m this age group, and are 
usually the result of urinary stasis from some congenital malformation By 
palpation the hydronepluosis is less solid than the embryoma but this line of 
distinction is a narrow one at times If palpation leaves one in doubt, intra- 
venous or retrograde pyelography is cleai ly indicated In a case where hydro- 
nephrosis is suspected the cystoscopic examination with retrograde pyelog- 
raphy and the collection of sepaiate mine specimens are preferred to the 
intravenous method 

Ovarian tumors, enlaigement of the spleen, omental cysts or duplications 
of the alimentary tract have sufficiently definite characteristics to make their 
differentiation possible Among the larer conditions malignant growth of the 
liver, congenital cystic kidney, or massive reti opentoneal embryoma, unat- 
tached to the kidney, may be difficult to rule out 

The diagnosis of Wilms’ tumor having been made, the plan of treatment 
becomes the important question Priestley and Broders, 5 Prather and Fried- 
man, 43 Wharton, 44 Campbell, 10 and many others advocate preoperative irradia- 
tion for the purpose of shrinking the tumor followed by a nephrectomy, which 
is in turn followed by postoperative irradiation In fact, this plan of treat- 
ment may be said to have become the accepted routine in many clinics 
Roentgenotherapy usually reduces the size of the tumor very rapidly and 
thereby facilitates the operation It does not, however, completely destroy 
the tumor No patient, so far as I know, has ever been cured by irradiation 
alone, and I believe no specimen that has been examined following irradiation 
has failed to show viable tumor cells Preoperative irradiation, if used, must 
be adopted for the purpose of facilitating the operation and reducing the 
operative mortality, or for preventing dissemination of the tumor 

At the Children’s Hospital, in the last ten years, we have had only two 
operative deaths in 28 cases an operative mortality of 7 per cent One of 
these patients had a very extensive mtra-abdominal metastasis at the time of 
operation and probably should not have been operated upon The other appar- 
ently died of shock I did not include, as an operative death, a patient who 
died of acute Streptococcus meningitis three weeks after a nephrectomy The 
meningitis apparently had no connection with the surgical procedure Of 
course, it is possible that preoperative irradiation with the attendant shrinkage 
of the tumor might have prevented the two operative deaths 

Does irradiation prevent dissemination of the tumor cells ? So far as I 
know, there is no evidence that it does On the contrary, we have impressions 
that it may facilitate the spread of the growth It is the consensus that roent- 
genotherapy shrinks the tumor by destroying some of the cells but not all 
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Priestley and Biodeis 5 state that “In the study of tumois removed at opera- 
tion which were subjected to preoperative irradiation one may find an island 
of glandular or sai comatous-appearing cells growing luxuriantly in the midst 
of neciotic debus the result of lriadiation on sui rounding cellular stiuctures ” 
Is it not probable that these living tumor cells may be picked up more readily 
by the blood stream aftei u radiation than befoie it ? Our peisonal experience 
with pi eoperative irradiation is inadequate and is limited to but two cases In 
one instance it was given for two weeks while waiting for the child to recover 
from a respiratory infection The loentgenotherapy was very effective m 
shi inking the tumor In this case the child had metastasis to the lungs three 
months after the nephrectomy and died in eight months with multiple metas- 
tases (Figs 6 and 7) In the other instance, roentgenotherapy was advocated 
by the patient’s uncle who was a doctor and was persisted m for four weeks, 

Fig 6 Fig 7 



Fig 6 — Photograph of the gross section of the lungs (A 37 162) of a patient who died eight 
months after nephrectomy of embrjoma of kidney Pre and postoperative irradiation had been g>' en 
Note numerous nietastases to both lungs 

Fig 7 — Photograph of the gross section of the brain (9A 37 62) showing an extensive metastasis 
in the sulcus of the brain of the patient referred to in Figure 6 Note the hemorrhagic necrosis m 
the tumor 

at which tune the child died before nephectomy was performed This latter 
case was not included in the senes of 45 cases, as there was a clinical diag- 
nosis only 

Another fact for consideration is that the number of patients who have 
apparently been cured to date is not sufficiently large to draw definite con- 
clusions in favoi of one plan ovei another The number of apparent cures, 
however, without the use of preoperative roentgenotherapy being greater than 
those with, suggests the advisability of lesorting to operation without delay 
As there is no known method of telling when the tumor invades the vascular 
system, it would seem logical to try to prevent this happening by performing 
a nephrectomy as soon as possible after the diagnosis is made The size 0 
the tumor is no criterion of the vascular invasion, as two of our smallest 
tumors showed the renal vein completely plugged with tumor cells at the time 
of the operation (Fig 8) 
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Operative Technic —The question of operability must necessarily be de- 
cided on various indefinite factors , the experience of the surgeon, the size of 
the tumor, and the geneial condition of the patient In recent years, at the 
Children’s Hospital, the size of the tumor has m no instance been considered 
a contraindication to operation In some instances the weight of the tumor 
has been as much as one-foui th of the total weight of the child 

The patient is put in as good condition as possible for the opeiation by the 
administi ation of pai enteral fluids and tiansfusion when indicated In recent 
yeais the transpentoneal approach has been substituted for the former pos- 
tei olumbar incision, as the latter does not give adequate room unless it is ear- 
ned acioss the lecti muscles and even then, if the tumor be a large one, the 
approach is less satisfactoiy A rectus 01 a paramedian incision is the one 
we now employ After the pentoneum has been opened, the ascending or 
descending colon, accoidmg to the side affected, is reflected toward the oppo- 
site side sufficiently to expose the lenal pedicle and uretei These structures 
are tied and cut befoie any attempt is made to mobilize the kidney It is 
theoretically important to proceed m this ordei, paiticularly if the tumor is 
soft and broken down The whole mass is then lemoved, great care being 
taken not to teai or ruptuie the capsule It is piobably wise to remove the 
perirenal fat, particularly along the renal pedicle, as it is here that lymphatic 
extension is most likely to take place It is my belief that we have not been 
sufficiently thoiough in this part of the opeiation at the Children’s Hospital 
After all bleeding points have been carefully conti oiled, the abdominal inci- 
sion is closed in layeis without diamage 

The postoperative care has consisted in the administration of parenteral 
fluids, adequate doses of morphine, and sometimes a transfusion We have 
had no difficulty with the wounds made for the ti ansperitoneal approach, even 
when they extended from the costal bolder nearly to the pubis 

Until very recently postoperative roentgenothei apy treatment has not been 
employed Recently postoperative irradiation has been used on the theory that 
it may have greater effect on a small amount of tumor that may have been 
ovei looked than on the ongmal, or that some cells left may be of the type 
that can be completely destroyed by this tieatment The adoption of the pres- 
ent plan of postoperative madiation is too recent foi any evaluation to be 
made of it 

Prognosis — It is extremely difficult from a study of the literature to draw 
conclusions as to the supenonty of one form of treatment over another This 
difficulty arises from the varied nomenclature of kidney tumors and from the 
lack of follow-up leports or confiimatory pathologic microscopic examinations 
One gets the impression, however, fiom leading some 40 odd articles, that the 
operative moitality is very high and the late mortality is even higher In the 
literature the reports of cures as the result of one form of treatment or an- 
other are so few as to be of only suggestive significance 

In a personal communication of November, 1937, Doctor Priestley, of the 

Mayo Clinic, informs me that they have obtained, apparently, four cures one 
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of 17 years, one of six yeais, and two of three and one-half years’ duration 
Of these, one had no roentgenotherapy at all, and, including this case, three 
had no preoperative irradiation Out of their four cures, only one had had 
preoperative roentgenotherapy He had not evaluated the cases operated upon 
since 1934, and it is possible, of couise, that these later results will alter the 
statistics Campbell 10 reports one three-year cure that had had no preopera- 
tive irradiation and a 15-month cure that had had 11 radiation Prather and 
Friedman 43 report one two-year cure following preoperative irradiation and 
nephiectomy, while Kretschmer and Hibbs 47 report one cure of one and one- 
half years’ duration which had had nephrectomy only Mintz 14 has recently 
reported seven cases of Wilms’ tumor occurring in children at the Massachu- 
setts General Hospital These all died within six months after nephrectomy 
Geschickter and Widenhorn 10 leport end-results in 25 cases They state that 
none of these cases were living at the end of five years, and most of them 
had died prior to two years aftei the nephrectomy McCurdy 0 reports a series 
of 24 cases in which there were four operative deaths and a recurrence in the 
remaining 20 Eleven of these recurrences took place inside of five months 
Thus, from the literature one may infer that there were eight probable cures, 
five of which had received no pre-opei ative irradiation 

In our series of 45 cases, there aie 31 who have died Of these 31, all 
but one had a recurrence or had died within one yeai of the operation This 
fact has led us to feel that if a patient survives for more than a year and a 
half he can probably be regarded as a permanent cure In the 28 patients 
operated upon dming the last ten years, two died from the operation and 12 
died later of the malignancy Most of these showed evidence of recurrences 
within six months, and all died within one year after the operation Of the 
14 patients who are still living, 11 may be classified as probable cures, the 
length of time since nephiectomy varying from one and one-half years to 
19^/2 years (Table I) 


Table I 

THE LATE RESULTS OF NEPHRECTOMY TOR RENAL EMBRYOMA 
Without Preoperahve Irradiation 

Well after 


Cases 

Sex 

Age 

Nephrectomy Operation for 

1 

F 

5 mos 

Left 

7 years + 

2 

F 

12 mos 

Right 

10 years + 

3 

M 

5 mos 

Left 

19^4 years 

4 

F 

10 mos 

Left 

3 years 

5 

F 

514 mos 

Left 

1 14 years 

6 

F 

8 mos 

Right 

1 ]A years 

7 

F 

7 mos 

Right 

4 y ears 

8 

F 

31 mos 

Right 

13 years 

9 

M 

10 mos 

Left 

10 years 

10 

F 

5 X A yrs 

Right 

6/4 years 

11 

M 

22 mos 

Right 

5/4 years 
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The other three patients are not expected to survive One is the patient 
mentioned before, who had bilateral tumors and who has had the larger tumor, 
that of the left kidney, removed, while the embryoma of the right kidney is 
being treated by roentgenotherapy This tumor has shrunk so that it is barely 
palpable , the child looks very well , and has a normal N P N four months after 
operation The second patient has had a local recurrence which has been re- 
operated upon, and all the tumor which could be identified has been removed 
and the child is receiving roentgenotherapy (Fig 12) The third patient is 
one in whom it was felt that all the tumor had not been removed at the time 
of the nephrectomy 

These 11 patients in our series, and eight cases taken from the literature, 
represent 19 probable cures of embryoma of the kidney Of these 19 surviv- 
ing patients, 16 received no preoperative irradiation, while three did Of 
course, these numbers are not sufficiently large to be conclusive, but are they 
not suggestive 7 Considering the extreme malignancy of Wilms’ tumor, and 
its very early metastasis, is not the chance of obtaining a cure greater by 
immediate operation than by delaying the operation for three to six weeks in 
order to shrink the tumor by roentgenotherapy before the nephrectomy is 
performed 7 

It is recognized that great strides have been made in roentgenotherapy in 
recent years, and that it is quite possible that our point of view may soon 
have to be changed However, one may also hazard the opinion that it will 
be difficult to obtain uniform results by roentgenotherapy, on account of the 
extremely rapid growth, the eaily metastasis, and the very vaned histologic 
picture which these embryomata present 

A brief summary of selected case reports from our series is appended 

Case x — I J , female, age 5J2, represents a six and one-half year cure following a 
transperitoneal nephrectomy without irradiation She was admitted to the hospital June 
22, I 93 I One week previously, the mother had noticed a mass in the child’s abdomen 
while she was giving her a bath On close questioning, the mother stated that possibly 
the child had not had her usual hearty appetite during the past three weeks, but other- 
wise there were no symptoms 

Physical Examination — She showed some pallor and was slightly undernourished, 
but there was nothing abnormal in her physical examination or in her laboratory studies 
except for the abdomen This was asymmetric, with definite fulness over the entire right 
side and loin There was an oval-shaped, firm, nontender, nonmovable, smooth mass, ex- 
tending from just below the costal margin to the crest of the ilium Its lateral border 
extended to the umbilicus, and posteriorly it filled the entire right loin Its upper edge 
was separate from the liver 

Operation — June 23, 1931 A transperitoneal nephrectomy was performed through 
a right rectus incision The renal pedicle was clamped before an attempt was made to 
free the tumor She had a fairly easy convalescence and was discharged on the twenty- 
first postoperative day with the wound well healed 

Microscopic E xammation — The sections were typical of a rapidly growing embryoma 
of the kidney 

Subsequent Com se— In January, 1938, six and one-half years after nephrectomy, her 
physician reported that she appeared to be in excellent health and had no signs of 
recurrence 
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Comment — A lalhei typical histoiy of embiyoma of the kidney with a 
six and one-half -yeai uue following a nephiectomy This patient leceived no 
pieopeiative 01 postopeiative madiation 

Case 2 — H A, female, age 7 months, leprescnts a foui yeai cure following a 
transpei itoneal nephrectomy without 11 radiation She was admitted to the hospital 
Novembei 26, 1933 For the past foui days she had had a nonproductive cough, fever, 
occasional vomiting, and constipation Ihe niothei had noticed a mass 111 the right side 
of the abdomen one month previously, but at the time of the visit of the family physician 
this was thought to have been due to bowel stasis The patient lost one-half pound 111 
weight dui mg the week pievious to admission 

Physical Examination — She was a fairly well developed but poorly nourished infant 
She was somewhat cyanotic and her respnations were rapid and shallow The veins of 
the chest and abdomen weie visible Theie was evidence of an uppei respnatory infection 
with some bronchitis but no pneumonia Temperature, 102° F The abdomen was 
mai kedly prominent on the right side On palpation a tumoi was felt that filled the entire 
light flank Its upper end was rounded and its mesial border was in the midclavicular 
line at its upper end, but extended to the navel at its midpoition, and was to the left 
of the midline at its lower margin 

Opciation — December 4, 1933 A tianspu itoneal nephrectomy was performed through 
a right lectus incision, which extended fiom the costal bordei almost to the pubis The 
lenal pedicle was tied before the kidney was freed She had an easy convalescence and 
was chschaiged on the twentieth postoperative day with the wound well healed 
Miuoscopic Examination — This showed a typical right kidney embryoma 
Subsequent Com so — 111 January, 1938, four years after nephrectomy, the patient 
was leported to be in perfect health and to have no signs of recuuence 

Comment — A foui yeai cine of embiyoma of the kidney with no pie- 
opeiative 01 postopeiative madiation 

Case 3 — D R, male, age 3, pieseuts an eaily extension of the tumor into the renal 
vein and an unfavorable prognosis (Fig 12) He was admitted to the hospital Novem- 
bei 26, 1937 Four days befoie admission Ins mother noticed that he passed some dark 
coloied urine and had some slight frequency dm mg that day There were no other 
urinary symptoms One week before, he apparently had had some abdominal pain uii- 
associated with vomiting, which had lasted foi only one day F01 the three dajs before 
entrance, he had had a rather constant, unproductive cough during the day There was 
no fever, anorexia, vomiting, 01 constipation He seemed to have no pain, was not 
fietful, and no physician was called The mother brought the boy to the hospital f° r 
“examination ” 

Physical E lamination — He was well developed and well nourished, and 111 no appar 
cut pain or distiess The abdomen appeared full in both upper quadiants There \' as 
definite bulging in the right flank where a haid, smooth, nontender mass could be felt 
Opeiahon — December 3, 1937 A transperitoneal nephrectomy was performed through 
a right rectus incision The renal pedicle was isolated, and tied before freeing fi’ c 
kidney tumor The renal vein was dil ited and firm to palpation and was ligated close 
to the vena cava O11 section there was evidence of tumor extension into the renal vein 
Except for the first three postoperative days he had an easy convalescence 

Mtci oscopu Examination — The sections showed typical embiyoma of the kidntj 
with intravascular extension A section taken from the renal vein showed a rather nc v 
walled stiucture, the lumen of which was almost completely occluded by a large mass 
of tumor cells (Fig 8) A section taken fiom the pelvis of the kidney including 
adjacent portion of the tumor showed marked intravascular extension into the 00 
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vessels of the submucosa There was, however, no extension of the tumor through the 
epithelium of the pelvis 

Subsequent Couise — Postoperative irradiation was carried out while the patient was 
convalescing in the hospital He is now receiving roentgenotherapy m the Out-Patient 
Department There was no evidence of metastasis that could be determined roentgeno- 

logically 



Fig 8 — Case 3 Photomicrograph of section of embryoma of 
kidney (S 37 483) showing the renal vein filled with tumor cells 
extending from the main tumor (Hematoxylin and eosin, X18 ) 


Comment — This case illustrates early vascular extension with the attend- 
ant unfavorable prognosis It also illustrates one of the two cases of the 
whole series in which hematuna was a piesentmg symptom 

Case 4 — A M R , female, age 6 j 4 > who was the only bilateral case in our series 
and who had factors which made the diagnosis difficult She was admitted to the hospital 
January 8, 1938, with a history of abdominal pain and fever of two days’ duration 

Physical Examination — Showed a moderately ill looking child Temperature, 102° F 
The general examination was negative except for the abdominal findings In the left 
side of the abdomen there was a solid, smooth, rounded, nontender and nonmobile mass 
This could be felt in the left costovertebral angle and extended forward almost to the 
mtdline and downward below the level of the umbilicus On the right side, in the kidney 
region, there was a similar mass except that it was smaller and was tender in the costo- 
vertebral angle (Fig 9) 

Cystoscopic Examination revealed a very normal appearing renal pelvis on the left, 
the side of the larger tumor, while on the right the renal pelvis was distorted and 
displaced toward the midline (Fig xoA and B) The urine examination showed a normal 
urine from the left kidney and some pus cells m that obtained from the right kidney 
This case presented a difficult diagnostic problem 

Opeiation — January 27, 1938 An exploratory operation was performed Through 
a left rectus incision a typical embryoma, of large size, of the left kidney was seen A 
left nephrectomy was performed The mass in the right upper quadrant was a similar 
appearing tumor of the right kidney In view of the grave prognosis, it seemed justifiable 
to obtain a biopsy specimen from the right kidney tumor 

Pathologic Examination — Gross The left kidney tumor weighed 690 Gm (Fig 11) 
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Mio oscopic Examination showed a typical embryoma The biopsy of the right kidney 
tumor also showed a typical embryoma Pathologic Diagnosis Primary bilateral em- 
bryoma of the kidneys 




-Case 4 Photographs showing the outline of the bilateral embryomata of the 
kidneys, the tumor of the left kidney being larger than the right 


s 


Tic io — Case 4 (A) Retrograde pjelogram of the right kidney pelvis, the side containing 

smaller tumor showing it to be distorted and displaced mesially Inch 

(B) Retrograde pjelogram of the left kidnev pelvis, the side containing the larger tumor 
appears fairly normal 

Subsequent Course — The child made a good postoperative recovery, and is now rt 
ceivmg roentgenotherapy for the right kidney tumor, which has decreased in size ui 
it is barely palpable 
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Comment — This is the only bilateial embryoma of our series, and pre- 
sented unusual difficulties of diagnosis The normal appearance of the left 
kidney pelvis aftei letrograde pyelogiaphy and the tenderness in the right 
side weie especially confusing The piognosis is believed to be hopeless (Figs 
9, ioA and B, and ii) Uecla, 7 of Japan, leports a similar case in an eight 
months old baby in whom one kidney was extirpated and the child died seven 
weeks latei In the older litei attire, frequent mention is made of these tumors 
being bilateral, notably by Alban an and Imbert, 43 and Walkei 4G I have not 
found such fiequent mention of bilateial occurience in the lecent literature 

Case 5— J M R, female, age 5 months, illustrates an unusually large tumor, and 
lecurrence and secondary operation following roentgenotherapy She was admitted to 
the hospital October 19, 1937 For about two months the mother thought she had felt 
a mass in the abdomen This had steadily increased in size The child had not lost 

Fig ii Fig 12 



Fig ii — Cise 4 Photograph of the gross specimen of the embtyoma of left kidney (S 3731) 
The other kidney is also the seat of an embryoma Note laige tumor mass separated from the re 
mamder of the kidney by a connective tissue wall The tumor could not be separated fioni the rest 
of the kidney after removal The cut surface of the tumoi s divided into lobules of irregular size 
Note small areas of hemotrhage and early necrosis, paiticulaily beneath the capsule Pelvis of this 
kidney appeared normal by retrograde pyelographj (Tig 10B) 

Fig 12 — Case 5 Photograph of the gross si ccimens of the several tumoi nodules (S 38 81) which 
represent local recurrences removed at a second operation, four months after nephiectomy for embryoma 
of the kidney Postopeiative irradiation had been given 

weight and her only symptom in addition to the mass was that on two occasions during 
the past week her urine had been daik red in color There also had been moderate con- 
stipation during the last week 

Physical Examination —A well developed and slightly undernourished, rather pale 
child The abdomen was asymmetric with a palpable mass in the left side There was a 
smooth, nontender mass which filled the entire left side of the abdomen from the costal 
margin to the pelvic brim and extended aci oss almost into the right flank 

Opci atwn October 18, 1937 A left transpentoneal nephrectomy was performed 
through a left rectus incision The renal pedicle was identified and cut She had a 
fanly easy convalescence except for a slight separation of the skin at the upper end of 
the wound Two weeks after operation she began to lose considerable weight and she 
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did not eat well, but following a transfusion she improved, regained some of her weight, 
and was discharged one month after operation 

Pathologic Examination Gloss The tumor weighed 1,058 Gm , which was prac- 
tically one-quarter of the child’s weight Miscioscopic Examination showed a typical 
embryoma without vascular or pelvic extension 

Subsequent Course — For one month after discharge the baby did well, gained four 
and one-half pounds in weight and was without symptoms Two months after operation 
the baby began to lose her appetite and the mother noticed an enlargement in the left 
upper quadrant and felt a hard mass in this region She returned to the hospital for 
further observation 

Physical Examination — The abdomen showed a well healed scar In the left upper 
quadrant a hard, smooth mass, about the size of an orange, was found which did not 
move with respirations and which extended back into the left flank Its lower border 
was at the umbilicus There was no tenderness and no spasm Roentgenologic examina- 
tion showed no metastasis in the lung, bone, skull or chest Roentgenotherapy was given 
and the mass in the left quadrant became very much smaller until it became barely 
palpable It seemed advisable to reexplore the patient 

Opeiation — February 24, 1938 Through a left transverse incision, three to four 
rounded masses, measuring approximately 3 cm in diameter, were found in the kidney bed 
(Fig 12) These masses were bound to the surrounding structures, namely, the bowel, the 
lienorenal ligament and posterior abdominal wall The tumor masses were moved intact 
No loose necrotic tissue was noted, though the tumor itself was felt to be necrotic as the 
result of the roentgenotherapy She had a rather difficult convalescence and even now 
we have considerable trouble with her diet and with effecting a gam in weight 

Mrcioscopic Examination — The specimen showed a recurrence of the embryoma of 
the left kidney On the whole, the sections showed that the tumors were much less 
cellular, and less rapidly growing than the original one, but still contained viable tumor 
cells 

Comment — This patient is still alive, five months after operation, and 

without further demonstrable metastasis, but the prognosis is considered e\- 

tiemely unfavorable 

J CONCLUSIONS 

After a study of 45 cases of embryoma of the kidney (Wilms’ tumor) 
occurring at the Children’s Hospital, and a paitial review of the literature, 
the appended conclusions are suggested 

(1) That this tumoi is extiemely malignant and lesults in a very high 
moi tality 

(2) That the opeiative mortality has been greatly reduced at the Chil- 
dren’s Hospital m recent years 

(3) That the factois contributing to this reduced mortality are better pre- 
operative preparation, better postoperative care, and better operative technic by 
the transperitoneal approach 

(4) That, to date, moie probable cures have been obtained by immediate 
nephrectomy than by nephrectomy preceded by a course of preoperative roent 
genotherapy 

(5) That it is possible that preoperative irradiation facilitates the opera 
tion and immediate operative mortality only at the sacrifice of an increase 
late mortality 

(6) That postopeiative roentgenotherapy requires further trial be ore 1 
can be evaluated 
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THERAPEUTIC MANAGEMENT OF URINARY INFECTIONS 

Alexander Randall, M D , and Boland Hughes, M D 

Philadelphia, Pa 

Wc have learned to mterpiet diseases of the urinary tiact fiom the view- 
point of system-physiology and system-pathology, but we have not yet come 
to employ the concept of system-therapy to their treatment This is par- 
ticularly tiue in the case of urinary infections — where infection of one por- 
tion of the urinary tract may quickly involve othei poitions, or persist m 
spite of antiseptic therapy if theie be faulty urinary drainage 

Any deiangement of urinary transpoition in any portion of the urinai y 
tiact, be it obstructive or functional, will cause infection to persist In this 
lespect infection in the urinary system diffeis m its manifestation fiom infec- 
tions in other systems of the body 

As an introduction to the present discussion of the theiapeutic manage- 
ment of urinary infections, we wish to piesent a group of cases which should 
be classified as theiapeutic misdemeanors, because in each of these cases some 
of the undei lying pi maples which should govern the theiapeutic management 
of these infections were oveilooked 

Figure i is a plain abdominal 1 oentgenogi am which shows the end-result 
of the faulty treatment of a Proteus infection in a patient who had but a 
sohtaiy kidney We see the left renal pelvis completely filled with stone 
Due to the Proteus infection, the mine in this patient was peisistently alkaline 
for a number of yeais m spite of all acidifying medications In fact, the only 
time the urine became acid was immediately following a pelvic lavage with 
i per cent phosphouc acid A plain loentgenogram taken two years pie- 
viously showed the lenal pelvis to be fiee of stone During this two year 
period, howevei, a large amount of ammonium chloride was given in an 
attempt to acidify the urine We know now that this therapy was wrong 
because the ammonium chionde was merely supplying a large amount of 
urea to the Pioteus Bacillus for the liberation of ammonia which encouraged 
the piecipitation of urinaiy salts In this case, therefore, we see a failute of 
oui therapy due to the administration of the wrong antiseptic as far as the 
infecting organism is concerned We now know that the therapy of choice 
in Proteus infection is administration of sulphamlamide But at the time 
when sulphamlamide could be obtained, it was already too late to influence the 
Proteus infection in this case, as the main pierequisite for success in sulpha- 
mlannde theiapy, sufficient kidney function, was lacking 

Figure 2 shows the mtiavenous uiogram of a patient who had been run- 
ning a septic temperatuie foi six weeks, with tenderness of the left lumbar 
region It was difficult to cori elate this excellent visualization of the left 
side with a septic pyelonephutis particulaily in view of the fact that only 
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occasionally did the mine show any appieciable amounts of pus More fre- 
quently the urine was perfectly clear 

In this patient a retrogiade pyelogiam of the same kidney showed essen- 
tially the same pictuie as the intravenous urogram Urine obtained from 
the meteral cathetei was perfectly clear When we analyzed these two pic- 
tures, however, we realized that, because of good function on the intravenous 
urogram and the clear mine obtained through the uieteral catheter, -it was 
impossible for this portion of the kidney to be the seat of a septic infection 
The only possible explanation was a nonfunctioning, obstructed upper pelvis 
of this same kidney That such was the case was proven when the kidney was 



Fig i — Plain roentgenogi am showing end Fig 2 — An intravenous urogram in an in 

result of faulty treatment of a Pioteus infection stance of a nonfunctioning obstructed upper pel 
of a solitary kidney vis 


removed at operation, the upper portion of which was infected, nonfunction- 
ing and obstiucted All the unnaiy antiseptics administered had been ex- 
creted thiough the noimally functioning portion of the kidney In this case 
we see a failure of our antiseptic theiapy due to a failuie of elimination at the 
seat of disease 

Another pioblem was that of a man, age 29, with urinary infection pk' s 
uiethial stiicture At no time had there been any upper urinary tract symp* 
toms, but failure to influence this unnary infection by the various antiseptics, 
even after the urethial stricture had been sufficiently dilated, caused us to 
study the upper unnary tiact, and in the urogram was demonstrated a h> 
explanation of the leason for our theiapeutic failuie It showed a uretera 
obstruction on the left due to peiiuieteritis, and inadequate renal function 0 
the right kidney, piobably due to the same cause 

Our next therapeutic misdemeanor was in a patient whose only complaint, 
in addition to his unnai y infection, was vague gastio-mtestinal discomfort 
When the urinai y infection did not clear up under the various antiseptics, a 
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plain abdominal roentgenogram demonstrated a suspicious shadow, which 
might have represented a calculus in the right upper urinary tract An in- 
travenous urogram showed a nonfunctionmg right kidney, and the plain 
abdominal roentgenogram, taken with indwelling ureteral catheter (w uc 
met no obstruction m the ureter), showed the previous shadow to have moved 
to a higher position To complete our diagnosis an air pyelogiam was undei- 
taken, which explained completely the failure of the previous therapy as far 
as the urinary infection was concerned, for here we had a case m which a 
stone acts as a ball-valve, at times obstiucting the outflow of urine at the 
middle portion of the ureter, at other times resting in the renal pelvis, but at 



Fig 3 — An intravenous urogram o£ a female, Fig 4 — An intravenous urogram of a male, 

age 33, showing the pathology consequent to sub age 31, showing a bilateral periureteritis and 
acute adnexitis ureteral dilatation, which has been influenced by 

adnexal infection 

no time causing typical symptoms of an obstructive uiopathy, which, had it 
done so, would, of course, have caused us to make an eailier urographic 
study of the upper urinary tract This therapeutic failuie was due to 
delay in pei foimmg a complete uiograpluc investigation 

With these illustrative cases as an mtioduction, let us now consider urinary 
infection in a more geneial way Table I classifies the two principal groups 
of uiinary infections All infections of the upper urinary tract are secondaiy 
to infections elsewheie m the body and depending on their oiigm, these in- 
fections may be classified as (i) primary hematogenous, m which case they 
remain principally in the kidney, or as (2) urogenous, in which case the infec- 
tion begins puncipally m the male or female adnexa but can involve the 
entue urinary system, producing dynamic distuibances of unnai y transporta- 
tion Impoitant foi us to remembei is that if only the pen-urinary structures 

are involved, the urine will not show any evidences of infection 

*» 
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Let us take up these urogenous infections more in detail Figure 3 shows 
the intravenous urogram of a woman, age 33, who had a subacute adnexitis 
of three months’ duiation At no time were there any upper unnary tract 
symptoms In the mine, howevei, could be found increased evidence of 
infection After seeing the condition of the upper unnary tract, it was 
understood why an infection might peisist Antiseptic therapy was of no 
avail until the infected adnexa weie lemoved and until, as a result of this, 
the uppei uiinaiy tract emptied itself moie completely Six weeks after a bi- 
lateial salpingectomy, a second uiogiaphic study showed a remarkable return 
to normal, and her urinary infection had practically disappeared 

Table I 

CLASSIFICATION Or THE TWO PRINCIPAL GROUPS OT URINARY INFECTION 

All infectious processes of the upper unnary system are secondary to infections 

elsewhere m the body 

1 Primary hematogenous 

Remain principally in the kidney 

2 Urogenous 

Begin principally in male or female adne\a 

Do not remain at portal of entry but involve entire urinary system 

Produce principally dynamic disturbances of unnary transportation 

If only the peri-urinary structures are involved the urine will not show evidence of 
infection 

The degree to which a restitution of normal physiologic emptying can 
be attained, in these cases of subacute adnexitis, is related quite definitely to 
the time element of duration There is no rest to unnary function, though 
a very definite limit to reseive power, and if such an obstructive uropathy 
is allowed to continue, theie follows greatly impaned lenal function and a 
true infectious atony of the meter with gross dilatation of it Surgery is 
usually instituted too late to expect any whei e near a return to a normal empty- 
ing, and the ablation of the infection is, therefoie, not to be expected 

Adnexal disease in the male is too infrequently thought of as a cause 
of impaned ureteral function and the basis for chronic urinary infection 
Figure 4 is an intravenous urogram of a man, age 31 Long standing adne\al 
infection is expressing itself in a bilateral peri-ureteritis and ureteral dilata- 
tion We have herein a complete corollary to that seen m the female, and it 
is becoming increasingly frequent as we study, by intravenous urography, 
cases of chronic prostatitis and seminal vesiculitis with persistent urinary m 
fection Unfortunately their cure is not so surgically brilliant as in the female, 
but to halt the advancing damage and destiuction of renal function and to 
obtain a cure of the urinary infection depend upon a prompt recognition 0^ 
the entire pathologic picture, with persistent and appropriate treatment 
is to be realized that such can progress to the same degree of utter derange 
ment of renal function and a complete futility of all our antiseptic therapy 
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POSSIBILITIES or SEQUELAE Or ADNEXAL INFECTION 

Infection of the Male or Female Adnexa 


/ 


/ 


/ 


/ \ 


/ 

/ 

Dynamic disturbance of ureter 
and pelvis (hypotony, atony) 


Y 

Impaired kidney 
function 


\ 


\ 


\ 


/ 

/ 

Pennephntis 

Pyelonephntis 


\ 

\ 

Peri-ureteritis 
/ 


Y 

Contracted 

kidney 


\ 

\ 

Dynamic dis- 
turbance of 
ureter 

Mechanical 

obstruction 

y 

Impaired kid- 
ney function 


Table II shows a recapitulation of the various possibilities which might 
occur in infection of the male or female adnexa The end-result, whether 
it be through dynamic disturbances or through obstruction caused by a peri- 
ureteritis, is, of course, the same — impaired renal function 


Table III 

URINARY ANTISEPTICS 

1 Oil of santal — Used by Chinese from remote 

times to treat gonorrhea 

2 Methenamme — Necessitates urinary pu be- 

low 5 6 and concentration greater than o 5 
per cent 

3 Methylene blue 

4 Acnflavine 

5 Pyridium 

6 Hexylresorcmol 

7 Ketogemc diet 

8 Mandelic acid 

9 Sulphamlamide 

10 New sulphamlamide substances 

Let us now consider urinary antiseptics themselves Table III gives a 
very incomplete list of those that may be administered orally, and of these 
we should consider only those beyond No 6 We can also dismiss the keto- 
gemc diet, when one realizes that unnai y acidification is much more easily 
obtained by means of mandelic acid We know that the action of mandelic 
acid depends on the concentration of the urine greater than o 5 per cent and 
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a p H less than 5 5 We therefore see that the success of mandelic acid de- 
pends entnely upon the function of the kidney Mandelic acid is the anti- 
septic of choice m St> eptococcus faecalis infection Important in a negative 
consideration is the fact that mandelic acid therapy is useless in Pioteus in- 
fection, as the p H of the urine in these infections cannot be reduced to the 
acid side 

The antiseptic of choice, howevei, in all urinary infections, other than 
Streptococcus faecalis, is sulphamlamide Mai shall and his coworkers found 
that sulphamlamide is absorbed fiom the intestinal tract within foui hours, 
and that, in administenng a given daily amount of this drug in divided doses, 
it takes fiom two to thiee days to establish equilibnum between the amount 
ingested and the amount excreted Aftei equilibnum is established, almost 
100 pei cent of the daily ingested amount can be found in the mine in the free 
and combined form Sulphamlamide is also excieted 111 the piostatic fluid, and 
this, of course, makes its use in the uiogenous type of infection as invaluable 
as in the hematogenous type Almost 50 pei cent of the sulphamlamide is 
excreted in the urine as the inactive acetate As the efficacy of sulphamlamide 
depends on the concentiation in the mine, it is advisable in the acute urinary 
infections to limit the intake of fluids to approximately 1,500 cc daily In 
acute infections we have obtained the best results with the dosage scheme of 
60 gi a day foi three days, with reduction to 40 gr a day for another four 
days But for theiapeutic success we need sufficient kidney function In those 
cases in which kidney function does not guarantee sufficient unnaiy concen- 
tiation of sulphamlamide, we have found it useless to continue our theiapeutic 
regimen beyond a week’s time, as outlined above 

For chiomc urinary infections, both hematogenous and urogenous, in 
which kidney function is not markedly impaired, we have not found it neces- 
sary to lestrict fluids or to administer more than 40 gr of sulphamlamide 
daily for a week’s time If there is no improvement in the chronic urinary 
infection at the end of this period, we are not likely to be therapeutically 
successful by continuing oui theiapy longer We should then look for some 
asymptomatic obstruction to urinary drainage, or for some fault where failure 
is due to infectious destruction in whole 01 in part of a kidney 

Sulphamlamide possesses a great advantage over mandelic acid m that it 
is efficacious in alkaline urine In fact, it is more effective in a slightly 
alkaline urine, as Helmholz has shown This makes sulphamlamide particu- 
larly valuable in Proteus infections 

In summaiy, therefore, we may say that oui therapeutic management 
of urinary infections calls for the use of mandelic acid in St) eptococcus 
faecalis infections and the use of sulphamlamide in all other infections, hut 
that the ultimate success depends upon three essential criteria, which must be 
known, namely First, knowledge of the type of infecting organism, second, 
the presence or the absence of faulty drainage, third, that competent rena 
function conveys the appropriate antiseptic to the desired point 
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Discussion — Dr Boland Hughes (closing) When a substance such 
as sulphamlamide is introduced into medicine, one eventually passes through 
the stage of enthusiasm to that of confusion, confusion because following the 
original discoveiy, many allied substances are presented, each purporting, 
apparently, to possess some advantage over the original product itself 

We have been experimenting with several substances in the clinical in- 
vestigation of urinary infections Doctor Marshall has found di-sulphamla- 
mide to possess a therapeutic index five times that of sulphamlamide itself 
It is slightly less soluble m water but possesses the advantage of being excreted 
in the urine in the unalteied form However, as far as urinai y infections are 
concerned, we have found di-sulphanilamide to be superior to sulphamlamide 
only m pseudomonas infections In a series of 53 cases treated with this 
substance, we found that two of our patients developed symptoms of peripheral 
neuritis This, of course, indicates the great difficulty m transcribing, imme- 
diately, results as obtained from mice to man, because we can understand how 
difficult it might be to diagnose peripheral neuritis in the mice we infect and 
then treat with our drug 

We are also investigating the sodium salt of di-sulphamlamide We have 
treated only 1 5 cases, and it may be that the sodium salt will not cause the symp- 
toms of peripheral neuritis such as are obtained from the use of di-sulpha- 
mlamide itself 

However, no matter what urinary antiseptic we employ, be it either sulpha- 
nilamide 01 some new substance, which proves to be efficacious, we must 
recognize the thiee cardinal principles that Doctor Randall has mentioned 
in the piesent communication, namely of knowing the infecting organism, of 
being ceitam that the kidneys function sufficiently to excrete the urinary 
antiseptic employed, and of correcting urinary stasis if present 
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THYMOL THERAPY IN ACTINOMYCOSIS 

Thomas M Joyce, M D 
Portland, Ore 

FROM Tilt DU VRTMENT OI SURGERY, UVI\ERSm 01 OREGON MEDICAL SCHOOL, PORTLYND ORE 

So-called lumpy jaw in cattle was fiist described by LeBlanc (1826), 
who, however, failed to understand its true nature Although 50 yeais later 
Penonito (1879) claimed pnoiity foi the discoveiy of actinomycosis, he was 
antedated by Bollinger (Munich, 1877), who descnbed a series of pathologic 
piocesses of the jaws and thioats of cattle which had previously been consid- 
ered as osteosaicoma, bone cancer and wooden tongue Bolhngei demon- 
stiated the granulomatous nature of the condition and described detritus con- 
taining gi anulation cells, leukocytes, and opaque, yellow granular bodies which 
he legal ded as true fungi While these observations of the disease in cattle 
weie being made, Lenert (1846) and von Langenbeck (1848) had described 
similai lesions in man Later, James Israel (1879), working independently, 
lecognized and descnbed a fungus, found in a case of chronic empyema in a 
man, m which there was a large thoiacic abscess piesent, as being similar to 
that found by Davaine (1859) and Bolhngei (1877) in cattle However, 
while these various studies concerning the “sulphur gianules” in relationship 
to actinomycosis were fiequently made, the botanist, Haiz (1877-1878), was 
the first to call them ray fungus, 01 actinomycosis 

While such studies weie mostly being made in Eui ope, John B Muiphv 
was the first (1885) to report an instance m a human being in the United 
States About this same time Oscar Israel (1884) and Bostroem (1891) 
were making fuither obseivations as to the chaiacteristics of the fungus 
They found it to be aerobic This concept, howevei, was overthiown by the 
woik of Wolff and James Israel (1891), who demonstiated the cultuies of 
Actinomycoses bovis to be anaeiobic This view, which was confiimed by 
Wright (1904-1905), is the one held at the piesent time, although the ques- 
tion is still not definitely settled Liguieres and Spitz (1902) described th e 
bacillaiy foim 

Etiology — While theie is some confusion as to the nature of the oigantsin 
and its variability, it is generally recognized that the anaerobic Actinomycoses 
bovis is most commonly responsible for the infection in man and appears to 
be the sole organism capable of producing the “sulphui granule ” The only 
other oigamsms causing confusion aie those found in instances of Madura 
foot (aerobic Actinomycoses farcmicus), a few scattered instances of the 
occurience of the Actmobacillus, and Actinomycoses comitans found in f° ur 
human cases in Zurich Although there is much confusion in terminology 
in various grossly related pseudofungus forms and other terms, such as 
Nocaidia and Streptothi ix, which are frequently used, the term actinomycosis 
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is the oldest, best established, and most accuiately conveys the chaiactei of 
the disease in man and in animals 

T) ansmission — There ai e two common them les ( i ) Exogenous theoiy — 
The agent is considered a common paiasite of the vegetable woild living on 
grasses and ceieals and is mtioduced by them mechanically In some instances 
seeds and blades of grass have been found in the lesion (2) Endogenous 
theory —This is the most widely accepted Since Actinomycoses bovis does 
not form spores, is anaeiobic, and apparently grows only at body tempeiatme, 
it could not exist in the plant woild The organism is occasionally piesent 
in the alimentaiy tiact as the result of ingestion Fiagments of teeth are 
frequently found m actinomycotic lung abscesses , the disease occasionally de- 
velops in the knuckles after striking an adveisaiy’s bioken tooth, 01 may 
develop following tooth exti action Woikeis have isolated anaeiobic stiains 
of Actinomycoses fiom the mouth, tonsillai ciypts and m the taitai aiound 
teeth The botanical position of the fungus is still unsettled 

Diagnosis — Although the diagnosis may be made fiom the tissues and 
micioscopic sections, it is moie easily and best made by examination fiom 
the pus fiom the dischaiging sinuses The “sulphur granules” aie readily 
recognized They may be studied (a) as fiesh piepaiations under the covei 
slip, (b) stam fiom mycelium, (c) may be cultuied m vanous media 

Incidence — Actinomycosis is a widespiead disease occuning in all parts 
of the United States, being most common, however, in the Mississippi Valley 
and in the Northwest The distribution conesponds somewhat to the daily 
industry, and the association of man with cattle It is most fiequently found 
m males (80 per cent) between the ages of 20 and 30 yeais, with instances 
having occurred as early as 28 days and as late as 82 years (Sanford) Jacob- 
son states that the cases are most commonly seen m the third and fouith 
decades In the penod between 1899 and 1906, Ruhrah collected 62 instances 
of actinomycosis in this country In 1922, Sanford and Magath reported 96 
at the Mayo Clinic, in addition to 119 found m the literature In 1923, San- 
foid, m a careful review, was able to find a total of 678 cases in this country, 
but concluded that these probably represented only a small proportion of the 
tine numbei 

Anatomic Location —Although the disease process in man may be found 
m various paits of the body, as m cattle, the lesions are most commonly found 
in the head, and diminish 111 fiequency as the caudal end of the body is ap- 
proached Accoi dingly, 60 per cent are found equally divided between the 
jaw, neck and face , iS per cent are abdominal, including wall, peritoneal cav- 
ity, liver, intestine and appendix, 15 per cent aie m the thorax, including the 
chest wall and the lungs, less frequently m the ribs and mediastinum , while 
only 8 per cent are found in the skin, and the disease is seldom found m 
bones other than the jaw 

Pathology— Actinomycosis may be acute, subacute or chronic It differs 
markedly fiom tuberculosis and syphilis in that it tends to remain localized 
and spieads only by direct continuity, its dissemination being largely due to 
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inhalation and ingestion Its extension through the lymphatics is not rec- 
ognized, but instances of ruptuie of the process into blood vessels with distant 
metastases have been reported The lesion is initiated primarily, following 
the traumatic introduction of the organism, as a firm mass which gradually 
softens and breaks down Vauous tissue planes are successively destroyed and 
replaced by granulation tissue, containing multiple abscesses A very marked 
fibrous tissue reaction may occur, giving rise to a brawny induration of the 
skin overlying the lesion However, the external aspect usually presents 
edema, eiythema and multiple sinuses 

Microscopically the lesion appears granulomatous in nature but varies con- 
siderably according to the amount of secondary infection present Typically, 
masses of radially blanching mycelial filaments surrounded by lymphocytes 
and laige mononuclear cells are seen Beyond this a rather well marked 
fibroblastic leaction frequently containing giant cells is noted Examination 
of the dischaige leveals a thin, purulent exudate, usually containing the minute 
yellow “sulphur granules ” The organisms are much more frequently demon- 
strated in the exudate than in the tissue 15 

Treatment — Although the etiology and the pathology have been known 
for some time, the futility of the treatment has always been recognized For- 
meily it consisted of (i) ladical surgeiy, drainage and curettement, (2) 
roentgenothei apy , (3) iodides in massive doses (400 drops of ICI tid), 
(4) copper sulphate, gr % (Bevan) , (5) colloidal gold, (6) colloidal cop- 
per injections, (7) attempts at the elevation of metabolism by intravenous 
glucose with one unit of insulin for every 3 Gm sugar, (8) methylene blue, 
(9) autogenous vaccine, and (10) nonspecific protein therapy In recent 
years, however, this extensive array of methods has been simplified so that at 
the present time the following methods are employed (1) Radical surgeiy, 
either alone or combined with iodides, (2) iodides alone, (3) roentgeno- 
therapy, and (4) thymol with surgery 

Thymol Therapy — Perhaps the greatest advance m the treatment of ac- 
tinomycosis was made when the fungicidal action of thymol was first demon- 
stiated by Kingery and Tluenes 0 (1925), who reported a yeast-like dermatosis 
of the hands in fruit packing plant workers in the Northwest 

Myers and Thienes, 7 in June, 1925, treated a case of the above with 10 
pei cent alcoholic solution of oil of cinnamon This oil was employed because 
of its efficacy against mold growths m preparations such as infusion of 
digitalis Many cases weie treated with this, and cinnamon water was used 
prophylactically This led to investigation of comparative toxicities of several 
volatile oils and stereoptins on cultures of the pathogenic yeast responsible 
for these infections Experiments with 12 volatile oils proved thymol to be 
the most efficacious in destroying the yeast Following this experiment, a 
mixture of 5 per cent thymol and 2 per cent cinnamon was painted on sites 
of infections and appeared to effect rapid healing Further employment 0 
this mixture was made m instances of epidermophytosis infection of f eet > 
pulmonary mycosis, low grade infections of extremities and finally in a case 
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of cervicofacial actinomycosis, which was treated with doses of thymol orally 
twice weekly, starting with o 5 Gm and ending with 1 5 Gm with definite 
improvement 

Myers, 8 111 1927, further repoited on “an unappi eciated fungicidal action 
of cettain volatile oils” He expenmented with 22 volatile oils and found 
thymol and caivacrol, its isomei, the most effective both clinically and experi- 
mentally A culture of actinomycoses pioved leadily susceptible to an aqueous 
solution of thymol but was resistant to the other oils He concluded that 
powdered thymol in capsules by mouth was absorbed and circulated in suffi- 
cient stiength to have pronounced fungicidal effect upon two patients with 
pulmonary moniliasis and one with actinomycosis, also he felt that localized, 
superficial mycotic infections may be tieated with solutions of the oils and 
thymol in either alcohol or olive oil, in strengths compatible with the local 
irritability of the tissues 

Our method of procedure 111 the few cases has been to give orally 1 5 Gm 
of powdered thymol in capsules two out of eveiy thiee days, to open the 
sinuses widely, and to cuiette and fill them with thymol in olive oil (10 per 
cent solution) , and then to inject the sinuses each day, small strips of gauze 
being insetted to keep them open 

CASE REPORTS 

Case x — E M , male, age 63, common laborer, was admitted to M C H August 
7, t934, with a draining sinus in the right upper jaw which on entrance was thought 
to be due to an infected molar tooth This was drained but continued to discharge 
The patient was discharged but was readmitted September 25, 1934, with enlargement 
of the posterior aspect of the right side of the neck, having several draining sinuses 
under the right mandible Eight days later the sinuses were curetted, on the same 
day thymol was started by mouth and the sinuses were injected daily with a solution of 
10 per cent thymol in olive oil At this time actinomyces were identified in the curetted 
material The injections continued for ten days and given by mouth 21 days, when 
he was discharged The patient received a total of 58 5 Gm of thymol by mouth, or an 
average daily dose of 086 Gm From the time of thymol treatment until discharge there 
elapsed a period of 51 days He was followed in the Out-Patient Clinic for several 
months, and was reported clinically cured 

Case 2— J N, white, male, age 59 , blacksmith, a habitual chewer of straw, was 
admitted to the hospital August 10, 1924, with a swelling under the right mandible 
The diagnosis of osteosarcoma was made and high voltage roentgenotherapy was in- 
stituted The lesion, however, continued to increase m size and on September 15, 1924, 
it was incised Staphylococci were identified However, the diseased condition con- 
tinued to increase and on December 24, 1924, actmomyces were identified microscopically 
Potassium iodide, up to 250 gr a day, was given by mouth over a period of 58 days 
This was then discontinued and thymol therapy, consisting of 1 Gm by mouth twice 
weekly, was instituted Seventeen days following the beginning of thymol therapy, 
the swelling had decreased markedly in size, and the dosage of thymol was increased 
to 1 5 Gm twice a week On April 25, 1925, the patient was discharged without evi- 
dence of a draining sinus He, however, failed to return for check-up in the Out- 
Patient Clinic, so that the final outcome is not known 

Case 3 —A S , male, age 45, farmer, was seen m April, 1925, with a discharging 
abscess under the left mandible, which he had noticed for two months Actinomyces 
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were identified Thymol, 1 5 Gm in capsules on alternate days was administered 
Within one month the lesion was completely healed and his family physician reports 
that there is no evidence of recurrence 

Case 4 — J L was first seen as an outpatient in St Vincent’s Hospital in 1930, with 
a draining abscess under the left mandible Microscopic diagnosis of actinomycosis 
was made Thymol was started by mouth and after a period of 12 weeks the lesion 
had completely healed without any evidence of recurrence 

Case 5 — E H , male, age 30, farmer, was first seen in September, 1937, at which 
time he had three draining sinuses in the region of the left jaw Six months previously 
he had gotten a “grass seed” lodged m his left ear, this was followed by a painful 
swelling in the left side of the neck Removal of the grass seed afforded temporary 
relief of the pain but did not result in any change in the mass present Three months 
later this mass was drained, resulting in the sinuses seen on admission to the hospital 

A large mass with several draining sinuses was present below the left mandible 
and in the region of the left parotid gland The patient was unable to open his mouth 
more than about one-fourth of an inch at the incisors The purulent material obtained 
from the sinuses showed typical “sulphur granule” bodies and actinomycoses were 
identified 

He was placed on thymol by mouth o 5 Gm 1 1 d for two consecutive days with 
one day of rest This was continued for ten dosage-days, to a course which was then 
followed by a week’s period of rest The lesions showed no evidence of improvement 
In November, 1937, the sinuses were widely opened and packed with gauze saturated in 
10 per cent thymol in olive oil Following this the tracts were again opened and 
curetted on five different occasions Daily irrigations and packing the tracts with the 
above mixture were maintained In February, 1938, due to slow progress, he was given 
a course of six roentgen treatments over the affected area This was followed by 
marked but temporary improvement Since that time several new abscesses have formed 
and been drained At present he has six sinuses Since the last surgical procedure the 
cavities have continually diminished in size and capacity He has maintained the above 
schedule of oral administration of thymol to date with no apparent ill effects His urine 
is normal 

Case 6 — Although not a case of cervicofacial actinomycosis, this case belongs to 
the cutaneous group, and is included through the courtesy of Doctors Hunter and 
Holden 

M L , white, female, age 40, was first treated March 21, 1936, for an inflammation 
of the left shoulder, which was considered at first to be erysipelas , after several days it 
had spread rapidly toward the neck, the left breast, and then the left arm On April 
18, 1936, actinomyces were identified microscopically from the pus obtained On April 
21, 1936, the patient was placed on a regimen of 2 Gm of thymol a day by mouth, and 
a 10 per cent solution of thymol in olive oil was injected into the sinus The thymol 
dosage was decreased to 1 Gm a day on June 21, and discontinued on August 24, 193 ^ 
On September 10, 1936, the sinuses were thoroughly curetted These healed quite rap- 
idly and there has been no further evidence of infection 

CONCLUSION 

A review of previous methods of treatment as compared with the experi- 
ence at the University of Oregon Medical School and St Vincent’s Hospitals, 
following the introduction of the use of thymol by Doctor Myers and Ins 
associates, as well as my own limited experience, leads me to the conclusion 
that the most effective present day treatment of actinomycosis is a combina- 
tion of radical surgery with thymol 
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Discussion — Dr Owen H Wangensteen (Minneapolis, Minn ) As 
Doctoi Joyce pointed out, the etiology of actinomycosis is largely an enigma 
There are those who insist that the disease is endogenous m origin, that is, 
that most of us carry about with us in health, organisms within our mouths 
which, under provocative circumstances, may give rise to the disease, actino- 
mycosis I do believe, however, that the majority of men who through experi- 
ence and interest have acquired more than an ordinary acquaintance with the 
subject still subset ibe to the old and more orthodox idea that the anaerobic 
Actinomyces bovis is the usual causative agent of actinomycosis 

Dr A T Hemici, Professor of Bacteriology in the University of Minne- 
sota Medical School, who as many of you know is an acknowledged authority 
of the highei fungi, has been kind enough to examine for me the material 
removed for diagnostic purposes or at operation from suspected cases of 
human actinomycosis In all instances in which Doctor Henrici was able to 
establish the piesence of actinomycosis he found that the cultural and mor- 
phologic character of the oigamsm were those of the anaerobic, gram-positive 
Actinomyces bovis 

As Doctor Joyce also pointed out, actinomycosis is essentially a granulo- 
matous process in which the evidence of both an acute and chronic infection 
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occurs concurrently Centrally areas of necrosis, liquefaction, and abscess 
formation may be found , more peripherally a proliferative reparative process 
occurs in which large collagenous fibers of connective tissue may be found— 
an attempt on the part of the host to airest the spread of the disease These 
areas of softening and induration are interspersed, which accounts for the 
brawny induration between and peripheral to the abscesses The reddish 
violaceous appearance of the skin together with the unusual texture may give 
the impression of a carbuncle 

The anaerobic Actinomyces bovis live and thrive in the dead and dying 
detutus of the central areas of softening and abscess formation The macro- 
phages of the host constitute a means of spreading and extending the disease 
by carrying the organisms into adjacent healthy tissue 

With the consideration in mind that the areas of abscess formation, with- 
out blood supply and without oxygen, constitute an excellent medium for the 
perpetuation of the disease, it is quite obvious, I think, what the therapy in- 
dicated should be The most direct method of attacking actinomycosis in 
man is to exenterate all the dead tissue by curetting it away If that is done 
the spread of the disease will be ai rested The disease thrives only in tissues 
in which the oxygen tension is low 

When Doctor Joyce acquainted me, somewhat moie than a year ago, with 
the experience which he and his colleagues had had with the treatment of 
actinomycosis with thymol, I was anxious to give the method a trial and tried 
to carry it out as he had used it Howevei, I was not so successful with its 
use as he, and after indifferent results in two cases, gave it up in favor of 
curettement 

Doctor Joyce reported the use of thymol in six cases of actinomycosis In 
two of these, thymol had been used as the sole therapeutic agent, in the other 
four, surgery as well had been employed It is, of course, quite significant 
that Doctoi Joyce has been able to cure two cases of actinomycosis with 
thymol alone In this connection it is to be borne in mind, howevei, that 
spontaneous fistulization alone succeeds occasionally m curing benign forms 
of the disease 


In the surgical clinic at the University of Minnesota, I set out, in I 9 2 9 
and 1930, to determine which of the therapeutic agents which were in com- 
mon use (surgery, potassium iodide, and irradiation) in the treatment of 
actinomycosis was most effectual The experience of our clinic with a com- 
bination of these agents had not been a happy one Surgical measures seemed 
to be the most dnect approach, so I began with that method first The results 
were so satisfactory and so much better than had been achieved by half 
hearted surgery in association with oral admmistiation of large doses ot 
potassium iodide and external irradiation that I never got around to test the 
efficacy of these latter agents as sole therapeutic measures Since I 93 °» ^ iere " 
fore, all cases of cervicofacial actinomycosis have been treated by surgery 
alone In the beginning, actinomycotic lesions were excised, but I soon 
learned that mere curettement and keeping the wound open by packing were 
just as effectual During these yeais a large number of cases of actino- 
mycosis have been seen and only one case of cervicofacial actinomycosis iaS 
died (ref Table I, Case 3, Annals of Surgery, 752, 770, 1936) The lesion 
had extended through the orbit and auditory meatus into the meninges 

In most instances two curettements have sufficed In one very extensive 
case (E E Umv Hosp No 663102) involving the entire right side 0 
face and neck, six curettements were necessary A few patients with cnr 
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granulomata, m which the diagnosis of actinomycosis could not be established, 
have been treated by curettenient also, and with equal success 

Suigeons aie no more objective than othei medical men and though we 
find pleasure m wielding the weapons of our armamentarium in the piactice 
of oui art, yet should actinomycosis or any other disease prove equally or 
moie responsive to treatment by nonsurgical means, I am certain surgeons 
would be the first to acknowledge the superiority of nonoperative treatment 
Until such a remedy for actinomycosis is found, howevei , the most direct 
attack possible should be made upon the disease, namely, exenteration of the 
dead tissue 

I cannot conclude this discussion without saying something of potassium 
iodide, and roentgenothei apy m the treatment of actinomycosis The use of 
potassium iodide originated from veterinary medicine It has since been 
learned, however, that potassium iodide has no virtue m the management of 
real bovine actinomycosis For actmobacillosis which causes “woody-tongue” 
in pigs and simulates actinomycosis closely fiom a pathologic standpoint, 
potassium iodide is a specific Actmobacillosis, however, is appaiently ex- 
traoidmarily uncommon in man and its occunence has been reported only 
twice 

Those of you who have followed the work of Heyeidahl in Oslo, employ- 
ing roentgenotherapy m the management of actinomycosis, know that the 
method has merit Yet the method appears to be valuable insofar as it pro- 
motes fistuhzation and encourages external drainage of the detntus in the 
diseased process It is my impression that practically every case of cervico- 
facial actinomycosis can be cured if direct rather than dilatory appioaches to 
the disease are employed 
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The history of the surgical art is replete with changing fashions in the 
management of wounds At a time when the current practice demanded re- 
lentless, drastic treatment of wounds, Paracelsus aroused a conflict with the 
contention, “ ’Tis Nature healeth wounds, not meddling” Our knowledge 
of wound healing has improved vastly since the sixteenth century, but the 
conflict that developed at that time still remains unsettled The state of 
antiseptic nihilism which existed prior to the World War 1 was followed shortly 
by a period during which the surgical literature was flooded with reports of 
new and different agents supposed to hasten the healing of wounds, and we 
are still in this phase of the cycle The fact that there still exist differences 
of opinion as to the proper management of infected wounds is an evidence 
that the fundamental problems have not yet been solved 

It is the purpose of this communication to consider further the problem 
of wound healing, with particular reference to the effect of local agents upon 
infected wounds in man Quantitative methods have been employed in this 
study, and clinical impressions, which are so often misleading, have been 
avoided 

The gross and histologic phenomena of wound repair are now well under- 
stood The nature of the stimuli which initiate the mechanism of structural 
repair, and the factors, local and remote, which may alter the process are 
not so clearly understood The reparative stimuli or growth-promoting sub- 
stances which activate the structural mechanism of wound repair aie, at least 
in part, the products of cell destruction, resulting directly or indiiectly from 
trauma 2 These substances, which are closely related to certain protein de- 
composition products, are elaborated by leukocytes and ai e abundantly present 
in embryonic tissue juices 2 3 - 4 5 The work of Hammett and Rennann, 
Hammett, 7 Reimann, 8 Baker 9 and Birnbaum, 10 suggests that the growth-pro- 
moting hormone may be a chemical agent containing the sulphydryl group 

Whatever may be the exact nature of the reparative stimuli, and the forces 
which condition healing in a wound, it is important from a practical standpoint 
to understand the normal rate of healing in order to determine variables which 
may speed or retard tissue repair Carrel and his associates afforded a quanti 
tative approach to the problem from studies of the surface area of supeificiab 
surgically clean wounds in man and animals Carrel and DuNouy 
demonstrated that clean superficial wounds cicatrize according to a regul ar 
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geometric curve, which may be expressed by a mathematic equation in function 
of area and time The curves of wound healing which they presented, indicate 
that the rate of healing is proportional to the area of the wound and decreases 
with the age of the patient These investigators also demonstrated the exist- 
ence of a latent period, during which no decrease in the size of the wound 
occuts, normally varying from two to five days following the creation of the 
wound 14 A latent period of four days from the time of incision to the 
abrupt onset of fibroplasia, has since been observed by Howes and Harvey 1 J 
m an experimental study of gastric incisions in rats 

The latent penod and the rate of healing after the actual onset of fibro- 
plasia may be affected by many factors, local or remote Arey J has recently 
reviewed the entire literature on this subject A brief summary, howevei, 
of the factors which are definitely known to influence wound repair is ap- 
propriate to this discussion, m order that the many variables may be kept 
in mind 

Factors of a general nature, not applied or localized directly at the site of 
the wound, which may influence healing are Age, diet, distant infection, 
and hormones The experimental work of Carrel and DuNouy 14 and the 
later obsei vations of Howes and Harvey , 13, 16 have established the fact that 
the rate of healing is inversely proportional to the age of the patient Howes 
and Harvey tested the tensile strength of gastric incisions in rats at varying 
intervals and noted the earlier onset of fibroplasia in younger animals They 
could detect no difference in the velocity of healing, once growth had been 
initiated, although there was less tendency to retardation of repair in young 
animals Carrel and DuNouy, however, measuring the surface area of super- 
ficial wounds in man and experimental animals, observed a more rapid rate of 
cicati ization m younger individuals throughout the entire course of wound 
repair 

Clark , 17 using the technic developed by Carrel, found that a high protein 
diet shoitened the latent period of superficial wounds in experimental ani- 
mals, but did not influence the rate of healing after the onset of repair On 
the other hand, Howes and Harvey 18 observed no difference m the length of 
the latent period m animals on a high protein diet, but the velocity of fibroplasia 
was increased and gastric incisions in rats attained a maximum tensile strength 
more rapidly The above observations differ as to the exact phase of healing 
influenced by a high piotem diet, but agree that a high protein diet shortens 
the total time required for wound repair, and that the course of healing is in 
, some way influenced by protein metabolism Recent work by Ravdm and 
Thompson 19 demonstrated the retardation of healing of abdominal incisions 
in dogs with expei imentally induced hypoprotememia Normal healing was 
attained after restoration of noimal serum protein concentration through the 
use of lyophihzed serum 

Changes in the carbohydiate intake, according to Clark, do not influence 
the rate of healing of supeificial nomnfected wounds Considerable experi- 
mental evidence exists, however, to indicate that high carbohydrate diet, and 

919 



DAVID P ANDERSON, JR 


Annals of Surgery 
Nor ember 10 3S 


disturbances in carbohydrate metabolism, unfavorably influence the course 
of cutaneous infections 20 Absolute staivation did not appreciably alter heal- 
ing in the experiments of Howes and Harvey , 15 ’ 21 unless the nututional 
balance was distuibed to such a degiee that it, in itself, threatened survival 
Investigation of accessoiy dietary factors — the vitamins — indicates that 
vitamins A and C aie of paiticular intei est in 1 elation to the problem of 
wound healing 5 Avitaminosis geneially tends to retard healing, and over- 
dosage of vitamin D has been claimed to inhibit tissue repair, but the elfects 
of vitamins A and C aie more specific An A deficiency, which has existed 
ovei a long penod of time, delays wound lepair Treatment with vitamin A 
is said to accelerate healing under such conditions, even when employed locally, 
and may possibly influence healing in the absence of pionounced deficiency 
The expei imental and clinical studies of Lanman and Ingalls 22 indicate that 
vitamin C deficiency is of paiticular significance in wound healing They 
demonstrated, quantitatively, loweied tensile strength of wounds in paitially 
scoibutic animals and emphasized the fact that asymptomatic scurvy, detecta- 
ble only by plasma detei nunation of ascoibic acid, is of more importance in 
the healing of suigical wounds in humans than has been hitherto appreciated 
These findings have lecently been confirmed by Taffel and Haivey 23 

Thiough clinical observations, and a few expei imental studies, attempts 
have been made to con elate the functions of the vai ious endocune glands 
with tissue repan No significant conclusions, however, can be drawn fiom 
the available data, othei than that the possible effect of the endociines must 
be considered in an occasional case wherein healing has been delayed 

Carrel 21 demonstiated that retaided healing may lesult fiom the presence 
of a distant infection expei imentally produced, suppoiting a common clinical 
observation on the influence of i emote infection on wound healing There is 
some evidence to suppoit the belief that general infections, particularly syphilis, 
letard healing irrespective of their influence on the geneial health of the 
patient 25 

Infection, mechanical oi chemical irritation, temperatuie and blood supply 
of the part, and local therapeutic agents must be considered as factors acting 
directly at the site of the wound which may influence healing Carrel 20 demon- 
strated that expei imental wounds in animals failed to heal when completely 
protected fiom local irritation Mild infection and lrntation initiate cicatriza- 
tion, but gross infection or local tiauma fiom mechanical oi chemical mutation 
retaid healing, according to the observations of Carrel 11 and Howes and 
Haivey 15 Delayed healing from diminished blood supply is a familial obser- 
vation in occlusive peripheral vasculai disease, whei eas, mci eased blood supply 
and local temperature elevation favor healing of indolent ulcers J Less at- 
tention has been duected towaul differences in local blood supply of various 
types of tissue in relation to wound healing 

The effect of local theiapeutic agents is more difficult to evaluate Goot 
results have been claimed for many forms of radiant energy, roentgen ray^ 
and other physical agents Local application of hormones and vitamins bas 

920 



volume 108 ANTISEPTICS AND WOUND HEALING 

J. umber 5 

been advocated Stimulants containing the sulfhydryl radical, embryonic 
exti acts, allantoin, and urea have all been pioposed for local treatment of 
wounds Numerous chemical agents, to be used as stimulants or antiseptics, 
are in common use, each having its own enthusiastic group of suppoiteis It 
is apparent from a survey of the literature that doubt must still exist con- 
cerning the claim of this hoide of vulneranes because of lack of quantitative 
data Many of the reports of common local theiapeutic agents are merely 
enthusiastic clinical impressions Studies based upon the healing time of a 
series of similar wounds do not take into consideration the many vanables 
which may affect healing A large majority of leports do not contain accurate 
bactenologic studies The early, incidental observations of Carrel , 11 and the 
lecent critical work of Smelo , 27 are the only strictly objective studies that 
we have found on the subject of local therapeutic agents in relation to wound 
healing Cairel 11 noted that gross infection retarded healing of superficial 
experimental and surgical wounds, and secured noimal healing curves by 
using antiseptic dressings of dichloramme-T or Dakin’s solution Smelo, 
in a quantitative study of surgically clean wounds in man, observed the effect 
of many local agents, with paiticular reference to the supposed tissue stimu- 
lants No local agent was found to influence the rate of repair m a con- 
sistent mannei He concluded that a wound will heal or fail to heal regardless 
of the mateiial applied locally 

As many pertinent questions lemain unanswered it is our purpose to con- 
sidei furthei the quantitative effect of local agents, particularly the anti- 
septics, on the rate of healing and the bacterial flora of frankly infected 
wounds, whether supeificial or deep Is it possible to substantiate the fre- 
quently implied contention that antiseptics further repair by exerting a selec- 
tively gi eater effect on bacteria than on tissues? Is the chemical irritation 
fiom antiseptics in common use sufficient actually to inhibit the processes 
of repair by their lethal effect on the tissue cells? Will the topical appli- 
cation of any of the commonly used geinucides actually result in wholesale 
destruction of virulent bactena in vivo, and if so, will the change thereby 
produced in the bacterial flora appreciably alter the rate of wound healing? 
Will local agents, applied to the surface of a wound, prevent further tissue 
destruction and retardation of repair in the presence of infection with virulent, 
invasive organisms ? 

Methods Employed — In an attempt to ascertain the exact value of topi- 
cal agents in the tieatment of infected wounds, precise measurements were 
made of changes in the size and bacterial count of twenty wounds The 
wounds studied differed in size, etiology and bacterial flora, but each was 
of the type legarded as surgically infected It is important to stress the 
fact that all of the wounds under consideration were adequately drained 
Improper drainage admittedly retards healing and evaluation of any methods 
of therapy m a senes of infected wounds would be questioned if the sound 
pi maples of adequate suigical drainage had not been applied to all cases 
The patients weie m good health, unless otherwise stated, and every effort 
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was made to determine the presence of any factor, remote from the site of 
the wound, which may have unduly influenced the local changes The 
dressing and management of these cases during the period of observation, 
and the quantitative studies of the wounds were carried out personally by 
the writer Each wound treated with an antiseptic agent was dressed daily 
The surface area of superficial wounds was determined by the technic 
described by Carrel 11 Since the writer was primarily interested m infected 
wounds healing by granulation, particular attention was directed toward 
changes in the volume of the wounds, rather than to changes in the surface 
area Volume was detei mined by making a mold of the wound, using a 
sterilizable moulage which could be trimmed to confoim to the contour of 
the body at the surface of the wound The mold thus obtained could be 
easily removed, without trauma, and the volume determined with a minimal 
experimental error, even in deep wounds with overhanging edges This 
method was used in a previous study reported from this laboratory 27 

Quantitative bacteriologic study of these wounds presented a moie difficult 
problem Previous investigators of wound healing have contented themselves 
with occasional cultures 01, at best, with bactenal counts by direct smear 
from the wound Such direct smear counts aie grossly inaccurate 28 and do 
not give a true picture of the bacterial changes in the entire wound We 
have found not only differences in the bactenal count, but also variations 
m the type of organisms from smears 01 cultures in separate portions of 
the same wound Washing the entire woupd with a small amount of normal 
saline, the quantity being roughly proportional to the size of the wound, 
afforded a means of obtaining a fairly representative bacterial count No 
attempt was made to compare the bacteriologic changes in different wounds, 
quantitatively, but the changes in any given wound, from day to day, could 
be followed with reasonable accuracy by using the same amount of saline 
for each washing The decrease m the size of the wound as healing progressed 
would, in itself, tend to decrease the bacterial count of the standard volume 
of saline, and as a source of error would tend to favor the antiseptic agent 
Hence, the failure of an antiseptic agent under investigation to decrease the 
count would further emphasize the impotence of that particular agent TI’ e 
actual count was obtained by the dilution method, using as a rule one cubic 
centimeter of the washing from the wound, and employing dilutions of I 4 
through 15 tubes, with vigorous shaking between transfers This technic is 
admittedly unsatisfactory for use in certain types of laboratory investigation, - 
but has proven satisfactory for our purposes in clinical use, where only gross 
changes are considered to be of significance The dilution method also mini- 
mizes any effect, m vitro, of small portions of antiseptics carried over tn 
the washings, and has the advantages of a technic which permits counting 
of only the living organisms No deleterious effect was noted from the u se 
of saline as the diluent, as is true in laboratory work, 28 probably because 
of the admixture of serum from the wounds In spite of this, however, the 
washings from the wounds were not allowed to stand over two hours before 
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making the transfer to the culture media for the serial dilutions Neopeptone, 

meat infusion bioth, buffered to p a 7 3 » was usecl in a]1 the dllutlons Final 
readings were made only aftei 48 hours of incubation, the loganthm of the 
dilution of the last tube showing growth being recorded Dilutions were 
made in duplicate on cases early 111 the series, until it was well established 
that the technic affoided a method of study with little experimental error 
Aerobic and anaerobic cultures, m broth and on blood agar plates, were 
made of each wound at the start of the period of investigation, in order to 
identify the types of organisms present These were repeated whenever a 
change in late of healing suggested the possibility of a qualitative change 
in the flora 

Volume 



Results — Rate of Healing of Infected Wounds Precise measurements 
of either volume 01 surface area, or both, were carried out in 20 wounds of 
varied etiology In many instances, studies were necessarily discontinued 
prior to complete healing because of the patient’s discharge from the hos- 
pital, change m the type of dressing, or necessity for skin grafting No cases 
have been included, however, which were not followed for a sufficient period 
of time to permit accurate observation of the course of healing Topical 
agents used included dry gauze dressings, moist saline dressings, alcohol 
diessmgs, iodoform gauze, azochloramide 1 500 in triacetm, azochloramide 
m saline, meithiolate 1 1000, katadyn silvei, Dakin’s solution and zinc perox- 
ide cream Two cases leceived sulfanilamide by mouth Aerobic and anaero- 
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bic cultuies, togethei with bacterial counts by the method pieviously de- 
scribed, were made routinely 

The rate of healing was consideied entirely noimal, within the limits of 
experimental enoi, in 14, 01 70 pei cent, of the 20 cases Two of the re- 
maining cases had a noimal cuive of healing after prolonged latent periods 
of fiom six to eight days The rate of healing by granulation, as deteimined 
by volume measuiements, assumed a regular geometric curve parallel to the 
expected cuive of healing as calculated by DuNouy’s 12 formula for the 
healing of superficial wounds Chart 1 shows the actual curves of volume 
measurements in the 14 cases cited above, wherein the rate of repaii was 
considered normal In Chart 2, the actual size of a wound, as deteimined 
by both volume and surface area measuiements, has been compared to the 


Volume m cc 



Chart 2 — Case 2 Actual rate of healing in a wound of the thigh, as 
determined by both volume and surface area measurements compared with the 
expected curve of healing The bacterial count was lowered with azochloramide 
dressings 


expected cuive of healing It is interesting to note the decrease in surface 
area of this gianulatmg wound as compared to the volume changes The 
early deciease in suiface aiea occuned pnor to actual epithelization and 
must be accounted for on the basis of conti action 30 It seems likely, that 
the sharp vertical slope of the volume curve at the onset of healing may 
be due almost entirely to conti action, the actual rate of gianulation lemaining 
constant thioughout the penod of healing 

Wide variations in the degree and type of infection occuired in the 14 
cases showing normal healing curves As stated previously, all of the 
wounds were grossly infected, though adequately drained and without ex 
tensively undermined recesses A review of the brief case summaries a P 
pended, will reveal that the causative organisms included the common bacteria 
found in surgical wounds A few of the antiseptic agents, notably azochlora 
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mide and iodoform packing, showed a definite tendency to lower the bac- 
terial count in granulating wounds, and in such cases the clinical appearance 
of the wound was improved m that there was less exudate and less odor 
The decreased number of bacteria and the improved clinical appeal ance of 
the wound apparently resulting from the local application did not, however, 
tend to stimulate healing At the same time no deleterious effect on the 
late of healing could be attributed to any of the agents employed locally 
Wounds m this group healed at a constant, regular rate, irrespective of the 
bacterial floia or the topical agent used in the dressing 

Six of the 20 wounds in this series failed to heal at a normal, regular 



HerlhioMe 1-1000 dressings 


Chart 3 — Case 30 Prolonged latent period, apparently due to necrotic 
fascia at the base of the wound The bacterial count increased, notwithstand 
ing the application of 1 r,ooo merthiolate dressings 


rate Particular attention was directed toward the study of these cases for 
1 emote causes of delayed healing, but in only one instance was such a cause 
discoveied A latent period of six to eight days occurred in Case 9, a female, 
age 60, with moderately severe diabetes In the remaining five cases the 
delayed healing must be attributed, insofar as can be detei mined, to local 
causes The two wounds studied in Case 1 presented a clinical picture and 
bacteriological findings similar to the type of chronic progiessive undermining 
ulceration, which has been described by Meleney 31 - 32 as due to the micro- 
aeropluhc, hemolytic Streptococcus The progressive lesion, and failuie of 
normal healing m such cases is due to a specific, locally invasive type of 
infection with continuing tissue destruction Normal rate of wound healing 
in this case did not occur until a radical excision and treatment with zinc 
peroxide had been instituted 

The three lemaming wounds m the group, where repair was retarded, 
vaued m etiology, location and bacterial flora The presence of devitalized, 
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neciotic fascia, affording a foothold for invasive organisms, was a factor 
common to all of these wounds, which undoubtedly delayed wound repair 
The wound m Case 30 (Chait 3) was relatively clean, being only mildly 
infected with nonhemolytic Staphylococcus auteus A latent period of 8 
days was obseived in this wound, during which time necrotic fascia at the 
base of the wound lemained exposed and granulation did not progress 
Normal granulation occurred aftei the fascial slough had completely sep- 

* 

cl I o 

Saline & Azochloramid § Sulfanilamide 

dressings ^ ^ 1-500 ^ Azochloramid. NSS dressings 

4 4 4 4 4 - 4 - 4 4 



aiated, although an actual increase in the bacterial count took place A 
sinulai course of events occuired m Case 14, a wound grossly infected with 
hemolytic Bacillus coli The complete curve of healing of the third wound 
Case 25 (Chart 4), demonstrated a retardation of healing during the period 
of fascia and muscle necrosis in a wound infected with Streptococcus hewo 
lyticus and Staphylococcus auteus The rate of repair in each of these three 
cases approached the normal expected curve of healing only after mechanica 
debridement or natural sequestration of devitalized tissues The subsequent 
couise of healing, then, did not differ from that observed in the cases ci 
above in which there was no excessive tissue necrosis and no retardation 
of repair 
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The Effect of Topical Agents on the Healing of Infected Wounds 
Studies of the effect of topical agents on the bacterial flora were conducted 
in a total of 23 cases The technic employed has been previously described 
Complete studies of the rate of healing were conducted in 20 of these cases 
The agents used locally may be divided into two groups (1) Admittedly 
inert materials — dry gauze and moist saline dressings (2) Antiseptic agents 
— azochloramide 1 500 in triacetin, azochloramide in saline, 70 per cent 
alcohol, merthiolate 1 1000 aqueous solution, Dakin’s solution, katadyn silver, 



Chvrt 5 — Case 22 Favorable influence of azochloramide on surface 
infection of a normally granulating wound 

2 per cent acetic acid and zmc peroxide cream In two cases sulfanilamide 
was administered by mouth 

In the group of granulating wounds which were free of necrotic tissue, 
azochloramide and iodoform gauze did influence the bacterial counts Charts 
2 and 5 show representative curves of the logarithm of the bacterial count 
m such cases The diminution in the number of organisms, however, was 
not associated with rate of wound healing above the expected normal In 
wounds containing sloughing tissue, no appreciable change m the bacterial 
content was observed with the use of any topical agent (Charts 3, 4 and 6) 
Clinical improvement and a normal rate of healing were observed after the 
use of extensive debridement and zmc peroxide cream in two chronic bur- 
rowing ulcers Quantitative bacterial counts were not attempted during the 
period when zmc peroxide was employed, because of technical difficulties, 
so that the exact effect of this agent on the degree of infection cannot be 
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definitely determined Two pei cent acetic acid, applied at frequent intervals, 
loweied the bacterial count of Bacillus pyocyaneus in two cases under ob- 
servation, although the total bactenal count lemained unaltered, because 
of the presence of a mixed infection with Staphylococcus aniens 

With the above exceptions, no topical agent had any appreciable effect 
on the bactenal floia of the wounds in this series It may furthei be stated 
that, with the exception of zinc peroxide in infections wheie it is specifically 
indicated, none of the agents studied had any beneficial action on wound 
healing The few antiseptics which influenced the bacterial counts m rela- 
tively healthy gianulating wounds had no effect in the presence of tissue 
necrosis, which seemed to be constantly present whenever a wound increased 
in size or failed to heal because of a local factor We think it advisable, 

Volume • 0 

cc bactenal count 



Chart 6 — Case n Bilateral infected wounds Wound A was treated with 
normal saline and Wound B, with azochloramide for the first si\ days, with no 
appreciable difference in the bacterial counts of the two wounds 


however, to call attention to the action of one of the agents in this group, 
namely, Dakin’s solution, which was used at two to three hour intervals 
for three days in one case without appieciable influence on the bacterial 
count (Chart 4) The action of Dakin’s solution on necrotic tissue, 33 
fords a means of chemical debridement of a wound which is not possesse 
by the more stable chlorine antiseptics It seems to me that this action, 
pecuhai to Dakin’s solution, may account for the fact that it is outstanding 
as a local agent which has survived the test of adequate clinical trial f Q1 
over 20 years Is it not possible that Dakin’s solution shortens the healm s 
period of dirty, sloughing wounds by hastening the separation of necrotic 
tissue, and not by any direct antiseptic action 7 Further speculation, ase 
upon the critical study of this series of cases, and impressions gathered fr° n | 
other cases which were not suitable for quantitative study, persuades us 
other specific local agents, notably zinc peroxide, which have received far or 
able clinical trial, may exert their action by creating an unfavorable enviroi 
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ment for bacterial multiplication, rathei than by any wholesale destruction 
of the offending organisms 

It is not our purpose to consider the action of general agents on wound 
healing, but the use of sulfanilamide m two wounds infected with Strepto- 
coccus hemolyticus affoided an interesting observation which warrants men- 
tion The drug was admimsteied by mouth at six hour intervals throughout 
the 24 hours to two patients, similai total doses being used in each case In 
Case 28, a pure culture of hemolytic Streptococcus was obtained at the time 
of drainage of an abscess of the thigh Sulfanilamide therapy was started 
within a shoit time of operation A culture, taken 36 houis after the treat- 
ment, was started and all subsequent cultures, aeiobically and anaerobically, 
were negative for Streptococci, although a secondary invader was cultured 
In Case 25, sulfanilamide therapy was employed five weeks after the drain- 
age of an abscess of the lower leg, at a time when the wound contained 
necrotic tissue and was grossly infected with Sti eptococcus hemolyticus and 
Staphylococcus awei is The sulfanilamide had no appreciable effect on the 
Streptococci in this wound, either because the organisms, lodged m dead 
tissues, could not be reached by the sulfanilamide present m the tissue fluid, 
or because the presence of necrotic tissue interferes with the action of sul- 
fanilamide on Sti eptococci 3i 

SUMMARY OF CASE REPORTS 

Case x J C , age 47 Small ulcer over the inner aspect, left lower leg, with blebs 
over the external malleolus Treated for three weeks with hot dressings, sulfanilamide, 
roentgenotherapy and gelatin boots over alternate periods without improvement Edges 
of the ulcer curled, irregular and undermined with “daughter ulcerations” beyond the 
periphery The ulcer was painful and tender to touch 

Cutiute Hemolytic Streptococcus and Bacillus coh 

The ulceration continued to spread, in spite of the treatment noted above Excision 
and treatment with zinc peroxide was followed by improvement though normal healing, 
as determined by skin area measurements, did not occur until five days after a second, more 
extensive excision of the undermined skin edges Successful pinch grafts were obtained 
two weeks after radical excision and zinc peroxide treatment 

A similar, though smaller, chronic, progressive ulceration of the right lower leg was 
followed with skin surface area measurements for one week, without showing any tendency 
to heal Radical debridement, zinc peroxide dressings and skin graft afforded an effective 
means of initiating healing 

This patient’s general health and nutritional status were good Blood sugar was 
normal and Wasserniann was negative 

Case 2 A S , age 13 Granulating wound of the left thigh extending down to the 
fascia lata , following surgical incision and drainage of a subcutaneous abscess 

Ctilhuc Hemolytic Staphylococcus am cits 

Dressings were started six days after operation, at the time of removal of an iodoform 
pack which was placed m the incision at operation Normal saline and azochloramide 
1 500 m triacetin, were used locally over alternate periods 

Case 8 — J McC , white, male, age 34 Infected herniorrhaphy wound Lower angle 

of the incision opened down to the external oblique fascia and measurements started 24 
hours later 

Culture Staphylococcus aniens 
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Moist normal saline dressings Healing was normal, and the latent period of less 
than 24 hours’ duration 

Case 9 — H C , colored, female, age 60 Surgically clean wound of the back following 
excision of a small carbuncle 

Cultuie Staphylococcus aiueus 

Patient was a severe diabetic, controlled by diet and insulin Nutritional status and 
general health were otherwise good The latent period was six to eight days’ duration, 
with normal healing curve thereafter 

Case 11 — L P, white, male, age 66 Bilateral wounds of the buttocks following 
surgical incision and drainage of localized abscesses, resulting from the intramuscular 
injection of medication 

Cult me Staphylococcus aiueus obtained from both wounds 

Dressings started 24 hours after incision and drainage Alternate dressings of normal 
saline and azochloramide 1 500 in triacetin Normal healing occurred, with no demon- 
strable latent period 

Case 13 — T K , white, male, age 3 7 A wound of the back following surgical exci- 
sion of a large carbuncle Measurements started six days after the operation, at winch 
time the edges of the wound were necrotic and sloughing and there was an area of 
necrosis at the base The wound was superficial to the fascia 

Cultuie Staphylococcus aureus 

Dressings of normal saline packs and azochloramide 1 500 in triacetin, over alternate 
periods, changed at 48-hour intervals Normal healing occurred 

Case 14 — E F, white, male, age 60 to 70 Infected incision following appendicec- 
tomy, with drainage Incision opened widely, two weeks after operation, because of infec- 
tion and undermining, and measurements were started at that time Slough and necrosis 
involved the fascia of the external oblique 

Cult me Bacillus coh and diphtheroids The culture was repeated three times during 
the course of study 

Dressings of normal saline and merthiolate were employed over alternate periods 
Nutritional status and general health were good except for mild anemia Red blood 
cells, 3,900,000 Blood sugar and urea, normal Kahn, negative Serum proteins, normal 
Delayed healing was noted by volume measurements and infection was not controlled 
by the antiseptic dressings 

Case 15 — L O’K, white, female, age 14 An incision of the left lower leg fol 
lowing surgical removal of the lower one-third of the left fibula for chronic, recurrent 
osteomyelitis, localized to the fibula 

Cultuie Staphylococcus aiueus 

Measurements were started one week after operation, at which time the iodoform 
packing was removed Dry dressings, azochloramide 1 500, and merthiolate were eni 
ployed over alternate periods General condition was good except for anemia (red bloo 
cells, 2,000,000 to 3,200,000 during the course of the study), which was treated by trans 


fusion prior to onset of the study Wound healing was normal 

Case 17 — M P, white, male, age 46 A wound over the lower right thoracic cage 
anteriorly, following resection of the ninth and tenth costochondral junctions for osteo 
myelitis, resulting from a previous transpleural drainage of an amebic liver abscess 
Dressings started four days after operation Merthiolate, azochloramide and norma 


saline were employed over alternate periods Normal wound healing resulted 

Case 18 — P W , colored, male, age 49 A wound resulting from incision an 
drainage of a localized abscess about a silk suture, in the external oblique fascia 
abscess drained two months after the original operation, a herniorrhaphy There " 
marked inflammatory edema and local phlebitis of the tissue surrounding the a sces^ 
Roentgenotherapy of 100 R was used four times prior to the incision and drainage 


patient’s general condition was good 
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Cullin c Staphylococcus albus and am cits 

Dry dressings and katadyn silver were used Normal healing occurred 
Case 19 — H B , colored, male, age 38 Localized abscess of the buttock in which 
dressings were started three days after incision and drainage 

Culhne Bacillus piotcus and hemolytic Staphylococcus aniens 

Dressings of katadyn silver and azocbloramide during alternate periods General 
condition of the patient was good except for empyema thoracis, adequately drained 
Wound healing was normal 

Case 22 — J T , white, male, age 32 An infected right lower rectus surgical incision 
following exploratory celiotomy' Measurements started 36 hours after the incision was 
opened 

Cult me Staphylococcus albus and am eus 

Dressings of normal saline, azocbloramide and 70 per cent alcohol were employed 
Healing was normal 

Case 25 — W S , white, male, age 54 A cellulitis of the right lower leg, secondary 
to infection of the great toe, with extensive muscle and fascia necrosis at the time of 
operation Further debridement performed one week following original incision and 
diainage Study was started at this time General health was good 

Cultmc Stieptococcus hemolyticus and later secondary infection with Staphylococcus 
am cits 

Dry dressings, Dakin’s solution, azocbloramide, merthiolate and sulfanilamide were 
employed Normal healing did not begin until 29 days after the beginning of the study 
Case 28 — J S , white, male, age 60 A superficial abscess m the anterior surface of 
the thigh, secondary to a streptococcic infection of the toe 
Cultmc Stieptococcus hemolyticus 

Dry dressings and sulfanilamide per ora were used Normal wound healing resulted 
Case 29 — M S , white, female, age 50 A wound of the back following surgical 
excision of a cutaneous neoplasm General condition was good 
Cultmc Bacillus piotcus and Staphylococcus am cits 

Dressings consisted of iodoform packing changed every 48 hours, and dry gauze 
packing Normal wound healing resulted 

Case 30 — A G , white, male, age 44 A right subcostal incision for a cholecystectomy, 
with disruption of the wound down to, but not including the fascia, though the fascia was 
exposed and was necrotic, the wound was surgically clean 
Cultmc Staphylococcus am cits 

Dressings of merthiolate x 1000 were employed throughout the study There was a 
latent period of six to seven days, after which healing progressed at a normal rate 

Case 3 1 ^1 Q , white, male, age 62 A decubitus ulcer of the sacrum, extending 

down to the muscles, on which dressings and measurements were started 24 hours after 
debt idement and excision Iodoform gauze dressings were employed The wound repair 
was normal 

Cultmc Staphylococcus aniens and Bacillus piotcus 

Case 32 F V, white, male, age 51 A decubitus ulcer over the lower back, which 
was thoroughly debrided Normal healing occurred 
Cultmc Staphylococcus am eus 

SUMMARY AND CONCLUSIONS 

It is appai ent fiom the above observations that the majority of infected 
wounds, adequately diamed and not containing sloughing tissue, m normal 
individuals, will heal according to a legular geometric curve, the rate being 
pioportional to the size of the wound and decreasing with the age of the 
patient, legardless of the type of local treatment Infection with invasive 
oigamsms in the presence of extensive necrosis and the presence of dead 
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tissue in the wound, even without active infection, are the outstanding local 
causes of retarded healing This is in accord with the statement by Arey 5 
that “In open wounds, which are healing by granulation, the formation of 
fibrils depends on the pi evading metabolic conditions While the destructive 
phase is still in pi ogress, fibrils are not formed In a similai manner regions 
of necrosis or areas containing foieign bodies and uch in bacteria have an 
abundance of cells and are thus not favorable to fibril development Only 
when all dead and foreign material is lemoved, either by enzymic digestion, 
phagocytosis 01 sloughing, does fibril foimation progress” 

The group of local agents considered in this study had little, or no, 
beneficial effect upon the healing of infected wounds, except for the action 
of zinc peroxide in specific cases The few antiseptic agents which had 
definite bactericidal action on surface organisms in normal granulating wounds 
weie ineffective in the piesence of tissue necrosis, and it is only under the 
lattei circumstances that the existing infection is likely to retard healing 

(1) Healing of granulating wounds under normal conditions, as deter- 
mined by precise volume measurements, occurs according to a regular geo- 
metric cuive which may be expressed, in function of area and time, by the 
mathematic equation presented by Carrel and DuNouy for the noimal ci- 
catrization of clean surface wounds 

(2) The presence of a large number of organisms on the surface of 
wounds does not ordinarily retard healing Specific types of infection with 
invasive organisms, and the presence of neciotic tissues and inadequately 
drained areas of infection, are the outstanding local causes of delayed repair 

(3) A quantitative study has been made of the effect of local agents, 
particularly antiseptic substances, on the rate of healing and the bacterial 
flora of infected wounds The following conclusions may be formed on 
the basis of this objective investigation of a limited number of commonly 
used vulneraries 

(A) Topical agents will not pi event further tissue destruction and re- 
tardation of repair in the presence of infection with virulent, invasive 
oigamsms by any direct antiseptic action The few antiseptics, which de- 
ci eased the number of surface organisms in wounds healing at a normal 
rate, were ineffective in the presence of tissue necrosis, and exerted no bene- 
ficial effect on the rate of wound repair 

(B) No evidence was obtained to indicate that any of the agents m th> s 
senes retarded healing by excessive chemical irritation of tissue cells There 
is, then, no appaient conti aindication to the use of antiseptic dressings m 
the prevention of infection in surgical wounds 

In the management of infected wounds, less attention should be g iven 
to the selection of a potent local antiseptic agent It is of more importance 
to consider the problem of increasing local tissue immunity, which may 
influenced by factors of a general nature remote from the site of the wounc, 
and aiding the sequestiation of necrotic tissues rich in bacteria by mechani 
or chemical debridement and adequate surgical drainage 
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THE EFFECT OF URINARY BLADDER TRANSPLANTS AND 
EXTRACTS ON THE FORMATION OF BONE 


A FURTHER EXPERIMENTAL STUDY 

Glover H Copher, MD 
St Louis, Mo 

FROAI THE DEPVRTMFNT OF SURGEIM At ASHINGTON UNIVERSITY SCHOOL OF MEDICINE 
VND BVRNE3 1I03PITVL ST LOUIS MO 

The remarkable influences of ui inary bladder transplants on the heal- 
ing of defects of bone and on hyaline caitilage have been reported 1 These 
studies weie based on the obseivation of Huggins,- 1 who found that the 
epithelium of the unnaty tiact of the dog after autotransplantation is capable 
of inducing ossification in ceitain connective tissues We confirmed this 
observation that the newly formed bone bears an intimate relationship to the 
proliferating bladdei epithelium and is tiue membianous bone with haversian 
canals and hematopoietic bone mairow Our results m other experiments in- 
dicated that the presence of a growing transplant of epithelium from the 
urmaiy bladder of the dog stimulates osteogenesis and tends to cause union 
in defects in long bones which would oidinarily result in nonunion In the 
lattei experiments, defects weie made in the ulnae of dogs by subperiosteal 
lemoval of a section of the shaft At the same opeiation the defect in the 
ulna on one side was bridged by an autogenous transplant of epithelium ob- 
tained fiom the urinai y bladder The defect in the opposite ulna was kept 
as a control, and nonunion resulted in 14 of 16 controls in which the experi- 
ments lasted from one to nine months Bone was formed in the defect con- 
taining the growing epithelium of bladder, and this formation of new bone 
resulted in union 

The size of oui experimental defects in ulnae were probably adequate, and 
the evidence indicated that the new bone was formed directly under the in- 
fluence of the growing bladder epithelium and was not the result of forma- 
tion of bone from the periosteum budging the defect However, it seemed 
desirable to perfoim other experiments m which the defect was created m 
the bone at one operation and, after the occurrence of nonunion had unques- 
tionably been established several months later, make the transplantation of 
epithelium at a second operation The influence of the periosteum ovei the 
defect alone, and m association with bladder epithelium, was noted by this 
method and, also, by performing some operations in which all of the period 
teum, including that along the interosseous membrane, was removed alon„ 
with a long section of bone The results obtained from these two experi 
mental methods are herewith reported A review of the literature on hetero 
plastic formation of bone has been made by Huggins ^ 

Eipeiunental Methods — With the dog under ether anesthesia and usin& 
aseptic technic, the shaft of the ulna of each leg was exposed and 2 to 5 cnl 
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of the bone was icsected subpenosteally m equal amounts on each side The 
wounds m the two legs weie then closed This operative proceduie was 
pel fonned m six adult dogs, one of which died during the period of observa- 
tion Aftei a lapse of time varying from 14 to 16 weeks, loentgenogiams 
went* made of the legs of the five dogs None of the roentgenograms showed 
any evidence of new bone budging the defects m either leg In addition to 
nonunion, the ends of the bones at the site of the defects were found to have 



Tigs i, 2, 3 and 4 — Roentgenograms showing detects m the right and left ulnae of two dogs, 
which lnd been created 14 weeks previously The periosteum was not removed with the bone 

Tigs ta, 20, 3a, and 4a — Roentgenograms made of the corresponding legs, 15 weeks after the 
defects 111 the ulmt hid been bridged bj autogenous transplants of bladder mucosa The defects are 
filled bv 1 mass of bone which contains numerous c>sts Tirm union is present with the exception of 
th it evidenced in 2a 

undeigone laiefaction and had decreased in diameter At this tune, 14 to 17 
weeks aftei ci eating the defects of the ulnae, the dogs were operated upon 
again The healed operative wounds of the legs w ? ere opened and a condition 
of nonunion of bone found The ends of the ulnae, at the site of the defect, 
weie denuded slightly with longeuis and a bed made in the scar tissue and 
pei losteum for a transplant The uunaiy bladder w'as exposed and a piece 
of the entne wall of the dome of the bladder was excised The defect in the 
bladdei and the abdominal incision were then sutmed The mucous mem- 
htane of the piece of excised bladder was then dissected from the musculam 
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and was divided into two equal portions One of these poitions of mucous 
membrane was sutured into the defect of each ulna The tiansplant was 
stretched from one end of the defect to the othei end and was held in place 
by silk sutures The wounds in the two legs were then closed in layers The 
dogs were sacrificed 15 weeks later The fiont legs were examined grossly, 
by roentgenograms, and microscopically Specimens of blood were taken 
from the dogs pnoi to making a transplant, appi oxnnately a week after- 




Figs s, 6, 7 and 8 — Roentgenograms showing defects in the right and left ulnae of . j 

which had been created 36 weeks previously The periosteum was removed with the eorresp the 
portion of bone Note that the lengthy and old defects are associated with marked atropny 
ends of the bone , , , m the 

Figs 50 and 6a — Roentgenograms of the corresponding legs, 108 weeks after the deieci 
ulnae had been bridged by autogenous transplants of bladder mucosa i-mtation of 

Figs ya and 8a — Roentgenograms of the corresponding legs, 60 weeks after transpia 
bladder mucosa into the defects , nerlo steuni 

The marked increase of the amount of bone in Figures 1 a 2 a 3« and 4°» where uw 1 tem0 \ed 
was not resected with the bone over Figures 5a 6 a 7 a and 8a where the periosteum m „ 3 s 

with the bone, is evident Union was much more firm, in the experiments where the perio 
not removed 


wards, and just prior to autopsy, for determinations of the serum 


calcium 


and phosphorus 
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BLADDER TRANSPLANTS ON BONE 


Exactly the same operative procedures as have been described were car- 
ried out on another group of six dogs, except that when the defects were 
created in the ulnae the corresponding portions of periosteum were removed 
entirely This group differed from the first group of dogs also, m that nme 
months were allowed to elapse between the time of the resection of the bone 
and periosteum and the transplantation of mucous membrane into the defect, 
and in that the dogs were permitted to live 27 months after the transplanta- 
tion before being sacrificed Two of the dogs died during the course of the 
experiments One of these deaths, occuinng one year after operation for 
transplantation, was caused from a gangrenous urinary bladder and pye- 
lonephritis produced by a huge bladder stone The changes m the defects 
were followed by occasional roentgenograms 

Results — Gross Examination — New bone was formed in ten of the 12 
defects made in the first group of six dogs where the periosteum was not 
removed from the bone The production of bone was marked and union 
occurred m nine out of ten defects that were bridged by new bone The 
mass of new bone contained multiple cysts of vanous sizes similar to those 
that have been described The cysts possessed epithelial lined walls and 
contained a brownish fluid 

Roentgenologic Examination — Roentgenogi ams made at the conclusion of 
the experiments, 15 weeks aftei making the transplants, showed, with the 
two exceptions mentioned, that the defect was occupied by a mass of dense 
bone and some clear areas The latter represent multiple cysts The ends 
of the bone neai the defect were no longer atiophic 

Microscopic Examination — The defects were filled with an adult type of 
bone and with many cysts and masses of bladder epithelium The cysts were 
lined with bladder epithelium In general, the cysts were not so large as those 
found m shorter experiments As has been noted previously, all of the newly 
formed bone in the defect was not immediately adjacent to bladder epithelium 
Much of the new bone, however, was laid down beside the cyst walls with 
only a thin layer of tissue intervening The new bone contained haversian 
canals and adult bone marrow The ends of the fragments of bone at the 
site of the former defect were of normal appearance 

Determinations of Blood Calcium and Phosphorus * Analyses were made 
of the blood serum of this latter gioup of dogs just before transplantation of 
the bladder mucous membrane, and seven and 111 days afterwards, and, as 
shown in Table I, there were no significant changes in the sei um calcium and 
phosphorus 

Interesting results were obtained m the long term experiments with the 
second group of dogs, in which there was removed with the segment of bone 
all of the corresponding periosteum Four of the six dogs lived until the 
completion of the experiment 

* These studies were made m the laboratory of Dr Alexis Hartmann 
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Table 

I 



DETERMINATIONS OT BLOOD CALCIUM AND PHOSPHORUS, PREOPERATIVE, AND SEVEN AND III 




DAVS POSTOPERATIVE 




Mg of Serum Calcium 

Mg of Serum Phosphorus 


Before 

Seven Days 1 1 1 Days 

Before 

Seven Days 1 1 1 Days 

Dog No 

Transplant 

After 

After 

Transplant 

After 

After 

12 

11 3 

12 9 

12 0 

5 0 

3 4 

3 3 

318 

12 0 

12 9 

12 3 

3 4 

3 7 

4 5 

B2 

12 0 

11 8 

13 5 

5 6 

5 1 

3 8 

Al8 

11 9 

11 7 

12 3 

3 6 

3 1 

3 8 

354 

11 6 

12 0 

12 5 

5 7 

5 5 

6 2 


The defects in five of the eight ulnae were completely bridged by a tubulai 
mass of calcified tissue containing bone cysts Foui of the defects were only 
paitially filled The union of the ends of the bone was firm but not solid in 
the specimens where the defects weie entnely budged with calcified tissue 
Roentgenologic examinations weie made of the defects nine months after 
they weie created and pnoi to ti ansplantation of bladdei epithelium These 
films levealed long defects in the ulnae in which theie was no evidence of 
legeneration of bone Atrophy of the ends of the bone was indicated by 
then marked decrease in diameter and by raiefaction Roentgenograms were 
made at mtei vals during the expenments and, finally, they were made at the 
time of the conclusion of the experiments, 15, 18 and 27 months after trans- 
plants of bladdei epithelium were made to the defects in the bones The 
loentgenograms levealed the ends of the bones to be connected in five of the 
eight specimens by a tubulai -like calcified mass containing some clear spaces 
known to lepiesent cysts The defects in the othei thiee specimens weie 
budged only in part The ends of the bone had inci eased in diametei and 
in density The new bone in geneial was not so dense as the old, and while 
it was lnegulai in circumference it tended to lesemble cortical bone 

Mia oscopic Examination — Cioss-sections of the bone bridging the de- 
fects show a cyst lined by bladdei epithelium surrounded completely by a ring 
of bone except foi a sectoi comprising about one-eighth of the cncumference 
Other cysts of various sizes are adjacent The cyst contained the remains 
of a gianulai material that failed to stain and that probably filled the cyst 
when it was viable The large cyst was lined by a thin layei of atrophic 
bladder epithelium having occasional papillary projections into the cyst In 1 ' 
mediately adjacent to the thin basement layer lies a circular mass of adult 
bone containing numeious small cysts lined by bladder epithelium, haveisian 
canals and small amounts of hematopoietic marrow The bone is being formed 
from dense connective tissue by a piocess that has been described in a pre 
ceding report 1 The connective tissue was formed between bundles of muscle 
fibeis, after the resection of the bone and periosteum to create the e\peri 
mental defect There is no evidence that periosteum took part in the tornia 
tion of the bone, and cartilage was not seen in the sections 

938 



Volume 10S BLADDER TRANSPLANTS ON BONE 

>.umbei 3 

Experiments, Employing Ext) acts of Pig's Bladder*— In view of the 
striking ability of tiansplanted bladder epithelium, in all of our expenments, 
to produce calcification, we have made fuither attempts to isolate fiom this 
epithelium a substance capable of repioducmg the same phenomena This is 
an extension of pievious expenments made to sectue a potent extiact fiom 
uunaiy bladder epithelium 1 

Extractions of pig’s bladdeis were made with water at a p St The ex- 
tiact was filteied at a p Hs and salted out with sodium chloride The aqueous 
extracts weie adjusted to p a ’ s of 2, 5, and 75, 02 per cent phenol was 
added as a pieservative The extiacts weie filtered thiough paper and then 
passed thiough a Berkfeld filtei The total solids of the extracts varied fiom 
2 25 to 7 78 per cent 

Alcoholic exti actions were made sinulaily with 60 pei cent alcohol Other 
extracts weie made without the salting-out piocess 111 oidei to eliminate NaCl 
which might influence the lesults These extiacts were made by filtei mg 
and by dialyzing against tap water A control extiact was made from fresh 
pig's heait 

All bladdei extiacts were made fiom fiesh, whole pig’s bladder, as it was 
found impractical to lemove the mucosal lining 

The intravenous injections of various dosages of these extracts did not 
pioduce any notable effects on the blood calcium and phosphoius of dogs 
that were attnbutable to the extracts dnectly The frequent and continued 
hypodeimic injections of the extiacts about and into the fascia of the abdo- 
men lesulted in foimation of inflammatory tissue at times, but bone was not 
pioduced in any instance Acceleration of the union of bone was not pio- 
duced by local injections of the extracts into expenmental defects and fiac- 
tures 

A diurnal vanation m the (inorganic) seium calcium was found while 
making several consecutive, daily quantitative deteimmations of blood cal- 
cium on many noimal fasting dogs foi control studies During the morning 
there was found consistently a use of one to two milhgiams of calcium After 
leaching the peak of the use about noon, theie was a slow return of the 
seium calcium to noimal We have not found a lefeience to this obseiva- 
tion on dogs The phenomenon is not found 111 man 

COMMENT AND CONCLUSIONS 

The lesults obtained from these expenments further amplify the fact 
that epithelium of the uiinary bladder of the dog when transplanted has the 
ability of inducing ossification in ceitain connective tissues The newly 
foimed bone bears a constant and close lelationship to the proliferating 
epithelium and as a result there is pioduced ossification of connective tissue 
through the medium of osteoblasts This method of ossification has been 
used to unite the ends of a defect of long standing m the ulna of the dog 

* Supplied by the Lilly Research I aboralories Chemical determinations made by 
Robert Breitenbach 
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Firm union of the ends of the defects was usually produced by the osteogenic 
stimulus when the periosteum was not resected with the bone When the 
periosteum was entirely lemoved with long sections of bone, it was possible 
to bridge the gap with true membranous bone, but firm union of the ends of 
the bone did not result The newly formed bone in the defects assumed a 
tubular shape similar to that of normal bone and the ends of the bone were 
no longer atrophic under the influence of the bladder epithelium The entire 
mechanism by which the proliferating bladder epithelium causes formation 
of bone is not known Ossification of the defects was greatly aided by the 
presence of periosteum and was not preceded by the formation of cartilage 
No theories are proposed to explain the mechanism of calcification It is 
necessary that calcium salts be present locally in large enough quantities for 
utilization by osteoblasts We have not been able to establish the action of 
an enzyme in the process of calcification, other than that phosphatase is known 
to be present in the region of ossification in a fairly high concentration 
Doubtless the formation of bone under our expenmental conditions will be 
found to be regulated by a complexity of interrelated factois acting in co- 
ordination similar to those concerned with the calcification of the normal 
skeleton 
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THE APPARENT ALTERATION OF TETANUS TOXIN WITHIN THE 

SPINAL CORD OF DOGS* 

Warfield M Firor, M D , and Austin Lamont, M D 

Baltimore, Md 

FROM THE DEPARTMENT OF SURGEItt OF THE JOHNS HOPKINS MEDIC VL SCHOOL, BALTIMORE, MD 

In 1935 and 1937, a series of expenments was carried out which showed 
that pure reflex motor tetanus (clonic spasms) can be produced without the 
accompaniment of the slightest degree of muscular rigidity To demonstrate 
the separation of these two cardinal manifestations of tetanus, it is necessary 
to inject only minute quantities of tetanus toxin mto an antenor horn of the 
dog’s spinal cord Pieviously Abel 1 and his co workers had succeeded m 
bringing about a state of unyielding rigidity in the limbs of dogs by multiple 
intramuscular injections of tetanus toxin They have shown that by the 
deposition of 1/8,000 of the ordinary lethal dose of this toxin at each of 40 
different sites one can render the hind limbs of a dog rigid for three months 
This observation added weight to their contention that the cause of muscular 
rigidity, as seen m both local and general tetanus is to be found m the action 
of the toxin on the voluntaiy muscles, and not in its action on any part of 
the central nervous system To substantiate this belief we attempted the 
experiments referred to above The demonstration that the effect of tetanus 
toxin on centers in an antenor horn of the spinal cord is the production of 
pure reflex motor tetanus was made m 11 dogs The protocols of these ex- 
periments were the basis of an at tide which appeared m February, 1938 2 
The observations on these 11 dogs have been fully and accurately confirmed 
m 14 additional experiments The present communication is not concerned 
with the confirmation of the preceding report, but deals with the study of an 
unexpected and unexplained phenomenon which occurred consistently We 
refer to the observation noted 111 a preceding communication, 2 that every dog 
receiving an mtraspinal injection of tetanus toxin died, although the quantity 
employed was a tiny fraction of the lethal dose given by any other route In 
an effort to understand the cause of death following the mtraspinal injection 
of tetanus toxin we have carried out a series of experiments that are herein 
reported This study has led to the formulation of a new theory of the 
pathogeny of tetanus 

Before recording the actual expenments, however, it is necessary to de- 
scribe the technic that has been devised for accurately depositing as little as 
1/2,000 cc at any given site It is also desirable to make some statements 
concerning the dosage and the materials used in the experiments 

In all of our experimental work we have used batches of tetanus toxin 
piepared by Dr Bettyke Hampil of the Sharp and Dohme laboratories The 

+ These researches were aided by a grant from the John and Mary Markle Founda- 
tion 


941 



FIROR AND LAMONT 


Annals of Surgcrj 
November 1G88 


details of the method of piepaiation will be furnished upon request The 
toxin has been kept in stenle 1 ubber-stoppei ed vials at 2° to 4 0 C Not only 
has Doctoi Hampil mn piehminaiy assays of each shipment of toxin, but 
Di William Chalian, wot king in Dr John J Abel’s laboratory, has repeated 
these piehminaiy assays and fiom time to time has reassayed each vial to 
detect any loss in potency Bacteriologic studies have been made to guarantee 
the continued stenlity of the toxins Vanous dilutions of toxin, Batch No 
678, weie made by Di John Brewei in the Depaitment of Bacteriology The 
dilutions were made with beef infusion broth, and the resulting mixtures 
weie placed m sealed glass vials undei nitiogen 



Fig 1 — Photograph of syringe constructed in order to inject minute quantities 

of toxin 


Throughout our work we have adopted the dog unit described by Doctor 
Abel as follows “We have found in the course of numerous experiments ex- 
tending over a period of five years that injection of 480 guinea-pig LD 5 0S 
per kilogram invariably induces fatal tetanus in dogs of medium weight and 
age, and have arbitrarily chosen this figuie as our lethal dose for dogs Tins 
dose kills dogs taken at random m from five to nine days (when given intra- 
venously, mtiamusculaily, 01 subcutaneously) * Neither a median nor a 
minimal lethal dose, but certainly largei than a statistically determined median 
lethal dose would be, it was adopted as a mattei of convenience We have 
always stated the dosage of the injected toxin in terms of standard guinea-p 1 ? 
units, so that our work can readily be checked by others without leference to 
oui arbitrary dog unit ” 3 

The technic for injecting minute quantities of toxin which was describe 
in connection with our earliei spinal cord expenments was not infallible an 
was limited to a maximum of 0003 cc per injection, consequently, the ap 
paratus illustiated in Figure 1 was devised and has been used in all animas 
whose numbei is ovei 104 This devicef consists of a tuberculin syringe tic 
ban el ancl plunger of which aie held tightly by jackets of stainless stee 
These jackets are threaded upon each other so that one complete turn 

* Parentheses ours an j 

7 The authors wish to thank Dr George Gey for his supervision of the esig 
construction of this instrument 


942 



Volume 108 ACTION OF TETANUS TOXIN 

Number 5 

aspnates or expels i/ioo cc Fractions of this amount are easily registered 
by the arm on the upper jacket which clicks at every tenth of a turn It is 
entirely possible to turn the plungei accurately 1/20 of a tuin, thereby deliver- 
ing 1/2,000 cc If a tuberculin syiinge breaks, it is a simple matter to replace 
it With this injection apparatus theie may be an enoi of o 0005 per o 01 cc 
because of the variations m the boie of tuberculin syringes 

Experiment i Method of Procedui e — This experiment was devised to 
ascertain whether 01 not the clonic spasms of the muscles which follow the 
injection of tetanus toxin into an anterior horn of a dog’s spinal cord are 
responsible for the animal’s death To gam this knowledge a series of dogs 
was piepaied m which toxin was placed m the distal end of the lumbar cord 
a few minutes after the conus and all adjacent spinal roots had been severed 
By this procedui e the usual evidences of reflex motor tetanus were eliminated 
Postoperatively the animals had a flaccid paialysis of the hind limbs From 
a study of Table I it is apparent that elimination of clonic spasms of the 
voluntary muscles does not prevent death following the intiaspmal injection 
of minute quantities of tetanus toxin Although the lange of dosage given in 
Table I is from 1/12 to 1/50 of the ordmaiy lethal dose, these figuies lepre- 
sent the maximum amount that could have been given They do not allow 
for leakage and foi loss of potency fiom exposure to the air That this loss 
of potency can be as great as 50 pei cent was accuiately detei mined by assays 

Protocol of Typical Experiment — Dog No 15 Male, mongrel, weight 83 Kg 

Opeiation in June 3, 1937 Under ether anesthesia, the operative field was shaved 
and prepared with a double application of iodine The fifth, sixth, and seventh lumbar 
vertebrae were exposed and their dorsal spines and laminae removed The operation 
was remarkable for the slight amount of bleeding The conus and overlying dura were 
divided with scissors and the motor and sensory roots of the last three lumbar nerves 
on both sides were cut The mobilized end of the cord with its surrounding dura was 
lifted from the spinal canal, and after all bleeding had been stopped by packing with 
moist gauze, a small opening was made in the ventral surface of the dura A No 
25-gauge hypodermic needle was inserted into the central portion of the cord through 
this opening, and 0003 cc of tetanus toxin, Batch No 670, was injected There was 
no obvious leakage upon withdrawal of the needle The wound was closed in layers 
with silk The amount of toxin injected represented at the most 1/50 of a lethal dose if 
given intravenously 

Following the operation the dog had a flaccid paralysis of the hind limbs There 
were no clonic movements of any of the muscles The dog died at 9 30 A M July 5, 
1937 Autopsy showed a few intrapentoneal adhesions The viscera were entirely nor- 
mal The wound was clean Specimens were taken for microscopic study 

Experiment 2 Method of Procedui e — The question arose whether or 
not injections of tetanus toxin into the white matter of the cord would be as 
lethal as those into the gray substance, accoidmgly, a group of dogs were 
given toxin m the legion of one ciossed pyramidal tract All of the operations 
wete pei formed m the lumbar legion, the white fibious band connecting the 
various denticulate ligaments served as a landmaik for these injections Fol- 
lowing the laminectomy the dura was incised in the midline and the dural flap 
away from the operator was laised so as to expose a denticulate ligament 
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This was cut to permit the cord to fall away from the dura and to facilitate 
rotation of the cord Gentle upward traction on the dural flap served to bring 
the white line referred to above into clear view The operator then inserted 
the tip of a No 26-gauge hypodermic needle tangentially under this line The 
depth of the puncture was easily controlled and in no instance was it more 

Table I 

CAUDAL PREPARATIONS 


Symptoms and Remarks 


Date 

Dog 

No 

Toxin 

No 

Dosage m 
Dog Units 

Site of 
Injection 

All the animals had 
flaccid paralysis of 
the hind limbs 

Survival 
m Days 

Autopsy 

a 

S/18/37 

10 

30A 

1/12 or less 

Anterior 

midhne 

No dome spasms 

5 

Grossly normal 

5/27/37 

12 

670 

1 /20 or less 

Anterior 

right 

Cord traumatized at 
operation 

5 

Hemorrhagic cystitis 
Otherwise normal 

6/3/37 

IS 

670 

i '48 or less 

An tenor 
midline 

No spasms observed 

2 

Grossly normal Ml 
croscopic of cord 

6/ 8/37 

l6 

670 

1 /40 or less 

Anterior 

right 

No spasms observed 

2 

Bladder distended 
with bloody unne 
Slight consolida- 
tion in lungs 

7/ 7/37 

22 

670 

1/24 or less 

Antenor 

right 

No spasms observed 

2 

Grossly normal 

7/ 7/37 

23 

670 

l/33 or less 

Anterior 

right 

No spasms observed 

1 

Grossly normal 

9/ 8/37 

40 

31A 

1 /So or less 

Anterior 

midhne 

Injections not satis 
factory Moderate 
hemorrhage from 
puncture wound 

8 

Grossly normal 

9/18/37 

42 

31A 

1 / 14 or less 

Anterior 

midhne 

No spasms observed 

2 

Microscopic sections 
of cord Grossly 
normal 


An additional animal was operated upon by a student assistant The dog became ema 
ciated and developed ulcers over both thighs, and died on the seventeenth day It seems 
fair to assume that the injection was faulty 


CONTROLS 


6/ 9/37 

17 

0 

0 

0 

Operative control 

30 

9/20/37 

45 

31A 

boiled 

1/13 

Antenor 

midhne 

Foot injured and in- 
fected on eleventh 

P 0 day Animal 

12+ 

9/21/37 

48 

31A 

boiled 

1/14 

Antenor 

midhne 

sacrificed on 
twelfth day 
Developed ulcers on 
thighs from pres- 

16 

9/22/37 

50 

31A 

boiled 

i/7 

Antenor 

midlme 

sure necrosis 
Distemper 

20 

9/30/37 

44 

31A 

boded 

1/13 

Anterior 

midline 


5 


Emaciation Consul 

erable vomiting be 

fore death. Au 
topsy negative 

Infectedlegand thigh 


Infected ulcers 

Lungs consolidated 

Massive consohda 

1 10 n of 1 uflgs 
Bloody H“ ld 10 
peritoneal cavity 
Grossly normal 
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than 2 Mm Frequently the point of the needle was so superficial that one 
could see a slight bulge following the deposition of the toxin solution These 
injections were certainly made with greater accuracy than those aimed at the 
region of the anterior horn This fact may account for the greater consistency 
in the results 

Eighteen animals were operated upon m this series The amount of toxin 
injected ranged from 1/15 to 1/1,000 of an intravenous lethal dose The eight 
dogs receiving smaller doses will be described m Experiment 6 In ten in- 
stances the dosage was approximately 1/20 of the calculated lethal dose The 
physiologic alterations that ensued were the same in each of these ten animals 
Death. .occurred with great regularity between 48 and 60 hours following the 
injection No animal showed neurologic signs on the day of operation The 
animals that were observed between 18 and 24 hours after the injection showed 
a little weakness in the right hind limb Between 24 and 36 hours post- 
operatively, all of the animals showed hyperactive cutaneous and tendon re- 
flexes in the right hind limb In one instance gentle blowing on the foot pads 
would initiate a series of clonic contractions of the right hind limb but not 
of the left Later all the animals showed constant muscular tremors or spon- 
taneous clonic movements These grew more severe until the animals were 
down For a few hours before death the spasms were diminished Not a 
single instance of rigidity (Starre) was observed, although in three dogs the 
contralateral limb was held in extension , nevertheless, in these three dogs the 
limbs were actively and passively flexed at all their joints In two dogs there 
was a tendency to bite at the base of the tail as if the area annoyed the animal 
There was not, however, any evidence of real tetanus dolorosus One cannot 
draw any conclusion from this experiment because miscroscopic sections show 
that some of the toxin reached the anterior horn The only advantage that 
white matter injections have over anterior horn injections lies in the greater 
accuracy with which the toxin can be placed 

Experiment 3 Method of Procedure —The possibility of the upward 
passage of tetanus toxin m the spinal cord was commented on m the earlier 
report on the experimental production of reflex motor tetanus It was pointed 
out that after the introduction of tetanus toxin into the lumbar cord the 
resultant clonic spasms are strictly limited to the site of injection This has 
been found true in all subsequent lumbar injections Surely, if this exceed- 
ingly potent toxin passed as such to the medullary centers by way of the 
spinal cord, there would be some clinical manifestation en route Further- 
more, the absence of lymphatics in the cord lessens the possibility of such a 
passage The amazingly rich network of blood capillaries makes it highly 
improbable that any readily absorbable molecule could migrate within a cord 
from the lumbar region to the medulla In order, however, to prove beyond 
doubt that the molecule of tetanus never reaches the vital medullary centers 
by moving upward in the cord, we carried out a series of experiments with 
transected cords, the results of which are summarized m Table II From a 
study of the data assembled m this table it is clear that the introduction of 
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Table II 

TOXIN INJECTED INTO DISTAL SEGMENT Or TRANSECTED CORD 


Interval 


Dog 

No 

Date of 
Transec- 
tion 

Site of 
Transec- 
tion 

between 
Transec- 
tion and 
Injection 
m Hours 

Toxin 

No 

Dosage 
in Dog 
Units 

Site of 
Injection 

Survival 
Period 
m Days 

Autopsy 

33 

8/ 2/37 

Dorsal 7 

3/4 

LYO-2 

i/s- 

Lumbar 4 — 
right ante- 
rior horn 

7 

Infection of lower 
incision extend 
mg down to cord 

34 

8/ S/37 

Dorsal S 

3/4 

LYO 2 

i/3- ? 

Lumbar 4 — 
right poster- 
ior root 

6 

Infection of lower 
incision and of 
cord which is al 
most severed 

III 

12/ 6/37 

Dorsal to 

120 

31A 

i/4 

Lumbar 2 — 
right ante- 
rior horn 

14 

Grossly normal 

113 

12/ 7/37 

Dorsal 9 

96 

31A 

1/3 

Lumbar 2 — 
right ante- 
rior horn 

7 

Grossly normal 

114 

12/ 7/37 

Dorsal 9 

144 

31A 

1/6 

Lumbar 2 — 
linea alba 

12 

Pus in bladder 
Otherwise nor 
mal 

US 

12/ 8/37 

Dorsal 9 

120 

31A 

I/S 

Lumbar 2 — 
linea alba 

12 

Grossly normal 

Il6 

12/ 8/37 

Dorsal 9 

144 

31A 

1/3- 

Lumbar 2 — 
linea alba 

5 

Bloody fluid in per 
itoneal cavity 
but no injection 
of peritoneal sur 
faces Bladder 
distended with 
bloody fluid 

117 

12/ 8/37 

Dorsal 9 

144 

31A 

1/4+ 

Lu mbar 2 — 
hnea alba 

7 

Grossly normal 

164 

1/29/38 

Dorsal 6 

72 

678 

1/20 

Lumbar 3 — 
right linea 
alba 

9 

Second incision 
infected Cord 
slightly edema 
tous 

165 

1/29/38 

Dorsal 3 

72 

678 

1/20 

Lumbar 3 — 
right hnea 
alba 

6- 

Grossly normal 


CONTROLS 

Three controls with their cords divided in the middorsal region lived for one, two, and 
three months, respectively They showed no loss of weight and were finally sacrificed An 
additional animal which received one-si\th of a lethal dose of toxin showed no neuro 
logic effects and died on the twenty-ninth day after the second operation 

tetanus toxin into the distal segment of a divided cord produces somewhat dif- 
ferent effects from those that follow similar injections into an intact cord 
The hind limbs of dogs with spinal cords divided in the nnddorsal region begin 
to jerk spontaneously within 20 hours after the introduction of tetanus toxin 
within the lumbar cord At this time there is definite tactile, reflex tetanus, 
the slightest cutaneous stimulation serves to precipitate a series of clonic 
spasms of the hind limbs The tendon reflexes are obtainable, and the effort 
to elicit them brings on a series of jerking, convulsive movements of the lower 
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half of the body When these animals are held up by a firm grip around the 
thorax the hind limbs may become quiet, but when the dogs are lying down 
there is some spontaneous jerking During the second 48 hours the severity 
and frequency of these clonic movements are mci eased At the same time 
some stiffness is noticed in the paralyzed limbs This stiffness is bilateral and 
increases in severity, occasionally giving rise to an unyielding rigidity In 
most instances, however, the stiffness can be overcome by steady pressure 
and the limb completely flexed Stiffness or rigidity of the affected limbs has 
occuned in every dog with a transected cord Incidentally, these animals 
afford confirmation of the observations recorded m a previous paper 2 

All of the animals m this experimental group were given a diet of raw 
beef, milk, and biscuits In most cases this diet was eaten until the last 48 
hours of life, but despite the fact that it was well taken, all of the animals 
lost a great deal of weight This can be easily accounted for by the constant 
activity of the dogs In one instance the loss amounted to one-fourth of the 
body weight m ten days Female dogs were used so as to facilitate the passive 
emptying of the urinary bladder This was done regularly 

All of the dogs with transected cords lived several days longer than those 
with intact cords , nevertheless, every animal died, despite careful feeding and 
nursing Dogs with nonmjected, transected cords have lived m this laboiatory 
under similar conditions for many weeks without the slightest weight loss 

Autopsy of these experimental animals showed no gross changes which 
would explain death It is not surprising that the action of the toxin in the 
distal end of a severed cord should be distinctly diffeient from that m an 
intact cord The physiologic reactions of a severed cord differ greatly from 
those of the intact cord The significant fact is that all of the animals died 
without any apparent cause The same observation was made on three dogs 
m which the dorsal cord was divided four horns after the deposition of toxin 
into the lumbar cord One of these animals lived for 19 days The frequency 
and seventy of the clonic movements greatly diminished during the last few 
days of life, and it seemed as if the animal would lecover At autopsy there 
was evidence of a large hemorrhage into the coid at the site of injection, and 
this may have accounted for the diminished symptoms The animal lost so 
much weight during the 19 days that it was impossible to draw any conclu- 
sions as to the cause of death 

Protocol of Typical Experiment —Dog No 165 Adult, female, mongrel, weight 
72 Kg 

First Operation — January 29, 1938, n am Under anesthesia, the operative field 
was shaved and prepared with iodine and alcohol A laminectomy was performed on 
the third dorsal vertebra The dura was not opened, but a segment of dura and spinal 
cord measuring x cm m length was excised The bleeding was controlled with packing 
There was a gap of almost 2 cm between the severed ends of the cord The wound was 
dosed with silk throughout 

January 30 There was flaccid paralysis of the hind limbs 

Second Opei at ton February 1, 10 a m Under ether anesthesia, the operative field 
was prepared as before A laminectomy on the third lumbar vertebra was carried out 
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The dura was incised in the midhne and a denticulate ligament on the right side was 
divided The cord was rotated so that the operator could have easy access to the lateral 
columns With the special injection apparatus, 00026 cc of tetanus toxin, Batch No 
678, was placed under the linea alba There was slight oozing following the puncture 
The wound was closed with silk throughout 

February 2 There is beginning jerking of the hind limbs Tactile, reflex tetanus 
is present The bladder was emptied The dog is eating well 

February 3 Both hind limbs jerk while the animal is lying down They are held 
extended but can be passively flexed, the right is stiffer than the left The tendon 
reflexes can be elicited on the right but not on the left because of the constant clonic 
spasms The animal feels hot Rectal temperature 105° F The bladder was emptied 
The dog is eating and drinking 

February 4 and 5 There is no change in the animal’s condition 
February 6 The animal seems sicker than yesterday 

February 7 The animal was found dead Autopsy showed the lungs clear, no 
gross pathologic changes 111 the abdominal viscera Both wounds were well healed 
There was no sign of wound or urinary tract infection The cord was not edematous 
at the point of injection 


Experiment 4 Method of Procedure — Many of the animals that are 
included in the preceding experiments were unobserved at the time of death 
In several instances, however, an effort was made to watch the manner of 
death, and every time that this was done it was seen that the animal would 
give several deep terminal gasps The heart beat was palpable for two or 
more minutes after all 1 espirations had ceased In fact, on five occasions the 
chest was opened and the heart was obseived to continue beating from three 
to five and one-half minutes after the last visible respiratory effort This 
observation brought up the question whether or not paralysis of the respira- 
tory centers accounted for the death of the animals in these experiments, 
accordingly, it was decided to inject minute quantities of the toxin into these 
centers Fortunately, Gesell, Bncker, and Magee 4 had studied the location 
of the inspiratory and expiratory centers of the dog The numerous experi- 
ments carried out by these investigators piove that the mere introduction of 


a sharp needle or electrode into the dog’s medulla is not followed by any un- 
toward symptoms, nevertheless, we repeated and confirmed this observation 
As an added control for the deposition of tetanus toxin into so vital an organ 
as the medulla, we placed from o 001 to o 006 cc of diphtheria toxin, boi e 


water, toxic serum, or filtrates from colon bacilli, meningococci, Staphylococci 
(H A strain), and typhoid bacilli (Table IV) Only with the first name^ 
substance were there any detectable effects upon the well-being or length 0 
life of the animals Four of the five animals receiving diphtheria toxin into 


the medulla died within 40 hours The fifth, which received only 00005 cc 
in a single injection, lived 13 days The autopsies of the four dogs that re 
ceived larger amounts of diphtheria toxin showed gross and extensive areas 
of hemorrhagic necrosis about the site of injection On the fifth day ^ 
was an area of softening 2 to 3 Mm in diameter at this site This anima 
from an acute hemorrhagic pancreatitis It is interesting to note that ‘P 
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therm toxin placed in the lumbar cord produces flaccid paralysis but does not 
cause death 

In all of the animals receiving tetanus toxin in the medulla, there was a 
latent period during which the dog seemed perfectly well Even when such 
an enormous amount of toxin as 1/12 of a lethal dose was put into the 
medulla (Dog No 175), the animal remained symptomless for seven hours 
Following some of our medullary injections, the latent period has been as 
long as five days It is clear that this latent period, or incubation period as it 
is sometimes called, is proportional to the amount of toxin injected 

The first symptom that is noticeable is difficulty in swallowing This is 
soon followed by clonic spasms of the pharyngeal muscles whenever the dog 
attempts to eat or drink Later these spasms occur spontaneously The pic- 
ture simulates that condition which has been described clinically as tetano- 
hydrophobia The spasms are not painful and between them the animals re- 
main quiet In no instance was there any evidence of involvement of the 
muscles of the trunk or limbs The time of death varied with the quantity 
of toxin placed 111 the brain When 1/10 of a lethal dose was injected, the 
animal died in about 24 hours, whereas, when 1/1,100 of a lethal amount was 
used, the dog lived 17 days On the whole, it seems that death occurs a little 
sooner following the deposition of toxm into the medulla than into the lum- 
bar cord, but the difference, if any, is too slight to be significant It is cer- 
tainly true that the manner of death is the same in both instances, and forms 
a very great contrast to the manner of death following injections of diphtheria 
toxm into the medulla, for in the lattei group of animals there is no gasping, 
and the animals are comatose during the last few hours of life and die quietly 

Because of the interference with swallowing we gave glucose solutions and 
saline parenterally to all the animals that lived longer than 36 hours, but 
despite these treatments there was always great loss of weight In the case 
of dogs with pharyngeal spasms living more than a week, it is impossible 
to say whether death is due to exhaustion, inanition, or some specific action 
of the toxin The data of this experiment are summarized in Tables III 
and IV 

Protocol of Typical Experiment — Dog No 136 White and brown fox terrier, 
female, age nine months, weight, 5 3 Kg 

Operation — January 5, 1938, 230 am Under ether anesthesia, the operative field 
was shaved and prepared with applications of iodine and alcohol A dorsal midlme in- 
cision was made, beginning at the mion and extending for 6 cm The fascia was divided 
in the midlme and the muscles were retracted The anesthetist then flexed the animal’s 
head to the greatest possible degree, and the dura was opened from the edge of the 
foramen magnum to the atlas Great care was taken when enlarging this incision to 
avoid tearing into the adjacent venous sinus After absorbing the excess cerebrospinal 
fluid with gauze, the operator rongeured away a small piece of the occipital bone and 
thus obtained good exposure of the medulla One injection of tetanus toxm was made 
2 Mm to the right of the obex and a similar one on the left side Each injection amounted 
to 00025 cc of a 1/50 dilution of toxm, Batch No 678, and was equivalent to 1/80 of an 
intravenous lethal dose There was no bleeding The wound was filled with warm 
normal saline and closed throughout with silk 
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Dog 

No 

Date 

Toxin 

No 

Total 
Dosage 
in Dog 
Units 

Site 

of 

Injec 

tion 

Remarks 

Symptoms 

Survival 

Period 

in 

Hours 

136 

1/ 5/38 

678 

1/40 

Right 
and left 

Given fluids 
intraperi 
toneally 

Pharyngeal 

spasms 

33 

137 

1/ S/38 

678 

1/42 

Right 
and left 

Only fair e\- 
p 0 s u r e 
Given fluids 

Pharyngeal 

spasms 

27 

138 

1 / 6/38 

678 

1/42 

Right 
and left 

Delayed ap- 
pearance of 
pharyngeal 
spasms 

Pharyngeal 

spasms 

60 

140 

1 /i 1/38 

678 

r/soo 

Right 

only 

Rough dilu- 
tion Poor 
exposure 
Given fluids 
intraperi 
toneally 

Typical 

spasms 

216 

142 

1/12/38 

678 

1/450 

Right 
and left 

Rough dilu- 
tion Given 
fluids 

Typical 

spasms 

72 

14S 

1/12/38 

678 

1/10 

Right 
and left 

Fair exposure 

Typical 

spasms 

20 

14G 

1/14/38 

678 

1/10- 

Right 
and left 

Poor exposure 

Typical 

spasms 

24 

148 

1/18/38 

678 

1/12 

Right 
and left 

Could drink 

Slight pharyn- 
geal spasms 
not typical 

48 

149 

1/18/38 

678 

1/12 

Right 
and left 

Good expo- 
sure 

Typical 

spasms 

24 

166 

2/ 2/38 

678 

I/I, OOO 

Right 

only 

? Needle came 
out Could 
not pass 
stomach 
tube 

Spasms after 
one week 

9 days 

167 

2/ 2/38 

678 

1/1, 100 

Right 

only 

Ate beef and 
milk for 4 
days 

Spasms after 

S days 

8 days 

175 

2/ 7/38 

678 

1/12 

Right 
and left 

Poor exposure 

Typical 

spasms 

Vomiting 

27 

176 

2/ 9/38 

678 

1/20 

Right 

only 

Copious bleed- 
ing 

Typical 
spasms 
Turns to 
right 

22 

178 

2/10/38 

678 

I <23 

Left only 

Poor expo- 
sure 

Typical 

spasms 

24 


Autopsy 


Grossly nor 
mal 

Grossly nor 
mal 

Grossly nor 
mal 


Grossly nor 
mal 


Grossly nor 
mal 

Sacrificed 
but was 
moribund 
Grossly 
normal 

Grossly nor 
mal 

Liver large 
and granu 
lar 

Grossly nor 
mal 

Grossly nor 
mal 


Grossly nor 
mal 

Hemorrhage 
i n s u b 

stance of 
medulla 
along needle 

track 

Grossly nor 
mal 


Grossly nor 
mal 


sure 
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Dog 

No 

Date 

Toxin 

No 

Total 
Dosage 
m Dog 
Units 

Site 

of 

Injec- 

tion 

Remarks 

< 

Symptoms 

Survival 

Period 

m 

Hours 

Autopsy 

188 

2/23/38 

678 

1/1,000 

Right 
and left 

Received 
fluids mtra- 
pentoneally 

Typical 
spasms 
Barking 
and growl- 
ing 

140 

Liver cir- 
rhotic 70CC 
bloody fluid 
m perito- 
neal cavity 
Nothing 
else 

189 

2/23/38 

678 

1/1, too 

Right 
and left 

Eats well 

Barking and 
growling 
No symp- 
toms 

7 weeks 

Sacrificed 

190 

2/23/38 

678 

1/2,000 

Right 
and left 

Eating until 
sixth day 
Wants to 
but cannot 
thereafter 

Occasional 

typical 

spasms 

240 

Quest lonable 
consolida- 
tion of 

lungs prob- 
ably insuf- 
ficient to 
cause death 

196 

3/18/38 

678 

1/1,200 

Right 
and left 

Got distemper 
Received 
fluids mtra- 
pentoneally 

Could not eat 
Had spasms 
after sixth 
day 

17 days 

Consolidation 
of lungs 
Lost 30 per 
cent of 
weight 

197 

3/18/38 

678 

1/2,000 

Right 
and left 

Received Did not eat 
fluids intra- Had typical 

pentoneally spasms just 

before death 

148 

Died in spasm 
Some con- 
solidation 
of lungs 


January 5, 10 p m The animal appeared quite normal 

January 6, 9 a m When first seen, the animal was quiet, alert, walking about, wag- 
ging its tail There was no trismus, no tetanus dolorosus It gave an occasional quick 
jerk of the head Frequent attempts to drink produced violent clonic spasms of the 
pharyngeal muscles which lasted 30 seconds Auditory and tactile stimuli did not pro- 
voke spasms The knee lacks were present and active, and testing them did not produce 
a seizure 

Twelve noon Temperature, 1076° F per rectum The dog was given 300 cc of 
saline and 5 per cent glucose solution intraperitoneally It was observed closely there- 
after, until the time of death at ix 30 p m For the first four hours of this period, spon- 
taneous clonic spasms of the pharyngeal muscles occurred at intervals of two to 12 minutes 
The duration of each was from 15 to 30 seconds Between the attacks the dog was 
quiet and in no apparent pain At times it would shake its head and had a tendency 
to incline the head to the right side It frequently scratched its right ear The respira- 
tions became increasingly rapid After 4 pm the pharyngeal spasms were interspersed 
with spells of jerking of the head 

At S p M another smaller injection of glucose solution was given intraperitoneally 
Rectal temperature, 105° F , pulse, 160, respirations, 84 The spasms seemed to occur at 
greater intervals but to last longer The dog died at xx 30 pm The autopsy was neg- 
ative 

Experiment 5 Method of Pi ocedure —The death of dogs under the 
conditions of the preceding experiments might conceivably result from a mul- 
tiplication of the toxic molecule within the spinal cord and the subsequent 
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absorption of a fatal amount of the blood stream Such a happening is, how- 
ever, highly improbable because none of the animals showed any peripheral 
signs of general tetanus To exclude the possibility of such a mechanism 
being at work, a number of dogs were given varying amounts of tetanus anti- 
toxin at varying intervals after the spinal injections It was evident from 
this experiment that both the amount given and the interval influence the 
result A determination of the exact relationships that exist between the 
proportion of toxin-antitoxin and the interval between injections was not 
necessary for our purpose A simpler and more exact experiment was to 
have the antitoxin circulating in the blood before the toxin was placed in the 
spinal cord The results of this experiment show clearly that as much as ioo 
times the neutralizing dose of antitoxin can be circulating in the blood stream 
at the time of the spinal injection without affecting the symptoms or the time 
of death This expei iment shows that the death of the animals is not due to 
multiplication of the tetanus toxin within the spinal cord 

Table IV 


CONTROLS FOR INTRAMEDULLARY INJECTIONS 


Dog 

No 

Date 

Material 

Injected 

Amount 

Injected 

Site of 
Injection 

Remarks 

Symptoms 

Survival 

Period 

Il8 

1/ 5/38 

Boiled water 

0 004 cc 

Right and left 


None 

Indefinite 

122 

1/ 5/38 

Boiled water 

0 004 cc 

Right and left 

Slight trauma 

None 

Indefinite 






to cord 


Indefinite 

124 

1/ 6/38 

0 

0 

Right and left 

Inserted needle 

None 

154 

1/21/38 

B colt toxin 

0 004 cc 

Right and left 

Good exposure 

None 

Indefinite 






Distemper 


Indefinite 

155 

1/21/38 

Meningococcus 

0 004 cc 

Right and left 

Good exposure 

None 



toxin 



Distemper 


Indefinite 

159 

1 / 25/38 

H A Staphylo 

0 004 cc 

Right and left 

Good exposure 

None 



coccus toxin 





Indefinite 

162 

1/27/38 

B lyphosustoxm 

0 006 cc 

Right and left 

Good exposure 

None 

163 

1/27/38 

Meningococcus 

0 006 cc 

Right and left 

Good exposure 

None 

Indefinite 



toxin 





20 hours 

179 

1/12/38 

Diphtheria 

0 006 cc 

Right and left 


Not seen 



toxin 





27 hours 

180 

2/15/38 

Diphtheria 

0 002 CC 

Right only 


Cannot stand 



toxin 




No jerks etc 

40 hours 

l8l 

2 / 15/38 

Diphtheria 

0 003 cc 

Right only 


Turned somer- 



toxin 




saultsincage 
for short 
period 

23 hours 

186 

2/17/38 

Diphtheria 

0 001 cc 

Right only 


Not seen 



toxin 





13 da>s 

187 

2/17/38 

Diph theria 

0 005 cc 

Right only 


None 

194 

2/28/38 

toxin 

Toxiferous 

0 006 cc 

Right and left 


None 

Indefinite 



blood 





— - — 


Experiment 6 Method of Procedure — After establishing the fact na^ 
intraspinal injections of minute amounts of tetanus toxin cause dea i, 
attempted to study the effects of introducing still greater dilutions o 
toxin An abstract of the data on six dogs which received mtrame u 
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injections of 1/1,000 or 1/2,000 of an ordinary lethal dose is given in Table 
IV These dogs had clonic pharyngeal spasms and lived from six to 17 days 
Because of the interference with swallowing, it is impossible to attribute their 
death to the action of any secondary substance There were eight other dogs 
in which the toxin was put into the white matter of the lumbar cord The first 
four of these dogs were given approximately 1/1,000 of a lethal dose, and 
except for a slight transient weakness m gait, probably due to trauma, they 
showed no effects from the injections There were no significant changes 
m the superficial or deep reflexes, and no evidence of clonic spasms In this 
respect the injections of toxm into the white matter of the lumbar cord differ 
from those into the medulla This difference is probably due to the toxin 
reaching a larger number of motor cells following medullary injections than 
after lumbar injections This experiment will have to be repeated on a larger 
series of animals and be combined with careful histologic studies before it can 
be used as an argument that tetanus toxm has no effect on the white matter 
of the cord The four remaining dogs were given 1/500 of a lethal dose in 
the lumbar cord Two of these showed no symptoms attributable to the toxm 
The third died with typical spasms on the fourth postoperative day The 
autopsy was negative The fourth dog was most interesting It was given 
two injections of 00025 cc each of a 1/50 dilution of toxm, Batch No 678, 
into the right side of the lumbar cord During the next four days there were 
no significant symptoms On the fifth day the right hind leg jerked con- 
stantly when the animal was standing There was difficulty m walking The 
knee kick on the left was normal but could not be tested on the right because 
of the constant clonic movements The cutaneous reflexes on the right were 
increased There was no stiffness This state of tactile, leflex tetanus con- 
tinued for three days, at which time the jerking gave place to tremors, which 
lasted four days Thereafter the dog remained entirely well 

This animal is the only one that recovered after having unmistakable clonic 
spasms It corresponds, we think, to dogs receiving from one-half to three- 
quarters of a lethal dose intravenously, for m these animals signs of descend- 
ing tetanus develop but the dogs recover When less than one-half of a lethal 
dose is given intravenously (or into the spinal fluid), no symptoms occur It 
seems that the corresponding ineffective dose for lumbar injections is less than 
1/500 of the intravenous dose 

Pathology — The report of these experiments would be incomplete with- 
out some word concerning the pathologic alterations that result from the in- 
troduction of tetanus toxm into the medulla and spinal cord of dogs Grossly, 
one sees only a thin blood clot along the puncture wound made by the needle 
No edema has been observed nor any visible inflammatory reaction His- 
tologically there are definite cytologic alterations These are best seen in the 
medullary specimens but are essentially the same m other parts of the cord 
The alterations are surprisingly well localized to the site of injection The 
adjacent cranial nerve nuclei are apparently unaffected There is a slight 
polymorphonuclear infiltration about the lesion and around the neighboring 
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blood vessels The needle tract is outlined by cells which seem to be nn- 
cioglia The endothelium of the blood vessels is intact and there are no 
evidences of thrombosis Anothei alteration is the presence of large numbers 
of phagocytic cells, apparently maciophages The third change is m the nerve 
cells Heie one finds changes in the Nissl substance, which seems pale and 
gianular This change can be best descnbed as chromatolysis The nuclei 
of some of the cells aie irregular, swollen, and distorted A few of the neive 
cells aie dead, otheis appear viable but altered With fiber stains one finds 
gieat alteiation in the myelin, but this observation has to be mterpieted with 
caution since the specimens weie not fixed immediately upon the death of the 
animals In order to leally trace the sequence of cytologic alterations, a 
special study with the vital staining technic is now being carried out In this 
an effoit is being made not only to eliminate changes lesulting from delayed 
fixation, but also to deteimine how much of the pathologic picture is due to 
tiauma, how much to the piesence of a foieign substance, and how much may 
be looked upon as the specific action of the toxin 

Discussion — Fiom the foiegoing experiments it seems clear that tetanus 
toxin causes death when placed in the dog’s spinal coid This result ensues 
after the deposition of as little as 1/500 of the oidinary lethal dose In sev- 
eial experiments we placed fractions of a lethal dose in the sciatic nerve, an 
antenoi and a posterior neive loot, the adienal, and the brain without any 
noticeable effect This last oigan was injected in six dogs Twice the motor 
cortex was identified by electncal stimulation befoie placing the toxin in it 
In not a single dog could one detect the slightest visible reaction to the toxin 
This observation is in keeping with the clinical picture of tetanus, which is 
singulaily fiee from cerebral symptoms The fact that death occuis despite 
the introduction of the toxin into a nonvital center and despite the severance 
of the cord above the point of injection, points to the conclusion that tetanus 
toxin is altered in the spinal cord to fonn a new substance that is absorbed 
by the blood stream and causes the death of the animal That this new sub- 
stance is not susceptible to the neutralizing action of tetanus antitoxin is shown 
by Experiment 5, in which the presence of 100 neutralizing doses of antitoxin 
m the blood stream failed to prolong life 

The concept that tetanus toxin is altered in the spinal cord is not a new 
one Forty years ago, Courmont and Doyon 5 suggested that central nervous 
system symptoms of tetanus do not appear until the toxin has been changed 
into a strychmne-hke body The concept that this secondary substance is 
a cause of death is new In addition to the expenmental data presented m 
this paper, there are two other observations that lend weight to the correct 
ness of this concept The first is the fact, well known to all investigators 0 
the disease, that it is impossible to demonstrate the presence of tetanus toxin 
in the spinal cord of animals dying from tetanus, despite the preponderance 
of spinal cord symptoms In commenting upon the fixation of toxin by 
spinal cord after intravenous injections. Doctor Abel has recently expresse^ 
this fact by saying that “neither the bio-assay nor any other method now a 
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our disposal enables us to detect and assay this fixed fi action of the injected 
toxin ” 3 It seems that the inability to detect the toxin can well be explained 
by its alteration 

The second fact is that tetanus antitoxin is of no avail m experimental 
animals receiving one or moie lethal doses of toxin intravenously if it is given 
after central nervous symptoms appear Abel and Chalian 0 have recently 
studied the length of time in which antitoxin is effective after varying amounts 
of toxin given intravenously They have shown, for instance, that following 
thiee mti avenous lethal doses, one can save the dog with antitoxin up until 
the appearance of central reflex symptoms With largei doses there is a 
shortei period m which antitoxin is effective This insusceptibility of toxin 
to antitoxin, once fixation and incubation have taken place, can be looked upon 
as additional evidence of its alteration 

SUMMARY AND CONCLUSIONS 

A technic has been devised for the accui ate injection of minute amounts 
of tetanus toxin into various paits of the dog’s spinal cord By this procedure 
it is possible to produce pure reflex motor tetanus without the slightest evi- 
dence of muscular rigidity As little as 1/2,000 of an intravenous lethal dose 
placed in the medulla suffices to bring on reflex motor spasms of the pharyn- 
geal muscles The mtraspmal injection of 1/400 or more of the usual intra- 
venous lethal dose of tetanus toxin has always been followed by the death of 
the animal, despite the fact that the toxm was placed in a nonvital center such 
as the lumbar cord The explanation that death results from an upward 
passage of the toxin is untenable because transection of the cord above the 
site of injection does not prevent death Similarly, division of all sensory 
and motor pathways below the lesion is without effect The death of the 
animal cannot be caused by a multiplication of the tetanus molecule and sub- 
sequent reabsorption because the presence in the cuculatmg blood of 100 
neutralizing doses of antitoxin does not prevent a fatal outcome The tenta- 
tive explanation put forward to account for the results obtained m the foie- 
gomg expei iments is that tetanus toxm is altered 111 the spinal cord to form 
a secondary substance that is lesponsible for the dog’s death 
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Discussion — Dr Peter Heinbecker (St Louis, Mo) The authors, 
by using minute amounts of tetanus toxin injected directly into the cord, have 
apparently been able to separate local from clonic tetanus This is an unusual 
physiologic feat Apparently, the dosage was just adequate to bring about a 
facilitation for those reflexes initiated by the afferent fibers concerned in clonic 
reflexes, but not sufficient to facilitate appreciably the mechanism for proprio- 
ceptive leflexes concerned in local tetanus 

I am unable to accept the interpretation that local tetanus is a manifesta- 
tion of alteration in the muscle itself I adhere to the view that both local 
tonic and clonic tetanus aie an expression of influence of the toxin on the 
central nervous system 

The problem of the potentiation of tetanus toxin on injection into the 
spinal cord is a difficult one to analyze In 1933, Condrea and Poenaru pro- 
duced evidence that tetanus toxin was modified by the diluent into which it 
was placed pnor to injection They found that the toxic effect increased re- 
markably when the toxin was united with peptone Recently, a report has 
been issued by Zuger and Fnedemann, in which they stated that there was 
a potentiation of tetanus toxin on mixing it with muscle in vitro It is pos- 
sible that such a potentiation was here also due to admixtuie with a substance 
like peptone, which increased the rapidity with which the toxin reached the 
vital centers There was no evidence in any of their experiments to indicate 
that the amount of toxin was altered, because, in vitro, no additional antitoxin 
was required to neutralize the toxin mixed with peptone or muscle 

Rivers mixed tetanus toxin with spinal cord tissue and found that the 
amount of antitoxin required to neutralize it, in vitro, was even less than that 
required to neutralize the toxin alone However, Doctor Firor informs me 
that after incubation, such a mixture of toxin with cord does result in a poten- 
tiation of the mixture It is possible that in his experiments in which injec- 
tions were made into the cord, slight injury resulted, and the body, acting as 
an incubator, permitted the development of a substance which when mixed 
with the toxin permitted a more rapid penetration into the vital areas than 
when the toxin alone was present However, I am not certain that this is 
the explanation, and I feel that Doctor Firor will have to present very excel- 
lent evidence to show that a new substance has been formed, a new toxin, 
before the idea can be accepted 

I consider the method of action of tetanus toxin to be similar to that oi 
strychnine on the central and peripheral nervous system Strychnine acts by 
lowering the threshold for nervous excitation and it also acts by altering 
accommodation of the nervous system to stimuli By that, I mean that ordi- 
narily nerves, and presumably cells, tend to fail to respond to a prolonged 
stimulus after a certain period of time We have found in our laboratory tha 
in the presence of strychnine such a failure to respond does not occur, and 
consider the activity of tetanus toxm to be very similar to that of strychnine 
I think the manner of death by tetanus to be one of exhaustion, exhaus 
tion of the muscles from continued stimulation arising in the central nervo 
system There is no evidence of a failure of the central nervous system 
muscles just tire and fail to respond Realization of this point will guide ^ 
in our therapy We can organize a rational form of therapy 

I have one graph which I would like to show Some weeks ago, Do 
Firor talked to me about this subject and I told him that I could P rese ^ 
illustration indicating how strychnine acted upon the central nervous sy 
and possibly reveal how tetanus toxin acts rize d 

Figure 1, 3A is a record of the activity of the phrenic nerve in a c ^ ^ 
animal You see, there is a series of impulses coming down, then tn 
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pause, and during the next respiratory effort, another series of impulses will 
descend After strychnine, we get the type of activity shown in Figure I, 3U 
The central nervous system fails to accommodate and one gets long-contmued 

When, as shown in Figure 1, 4, you record the activity in the sciatic nerve 
of such a curarized animal, it will be found that on very slight stimulation of 
the saphenous nerve, a series of responses is obtained This would represent 
ordinary tactile stimulation When the animal is stimulated a little harder, 
a long-continued series of responses results It is the effect of such a con- 
tinued action of the nervous system on muscles which leads to fatigue and is, 
in my mind, the cause of death 




3* phrenic discharge 1 ** c phrenic discharge. 
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Fig i — (3A) Graph showing phrenic discharge in a curarized animal 
(3B) Result on phrenic discharge after administration of strychnine 
(4) Result on sciatic discharge after administration of strychnine 

One other interesting point here — because this animal is curarized, we 
do not get proprioceptive impulses from the periphery, so that we have abso- 
lutely smooth intervals m our record Such an animal, being entirely without 
tone, does not show the electrical evidence of proprioceptor reflexes which one 
obtains in the ordinary animal 

Dr Warfield M Firor (Baltimore, Md ) closing I want to thank Doc- 
tor Hembecker for his discussion and for his healthy incredulity I think he is 
absolutely right in saying that one must offer excellent evidence before he can 
assume that a second toxin is formed, because this is a very unphysiologic 
concept — the body steps up the potency of a lethal agent for its own 
destruction 

I disagree, however, with Doctor Hembecker, that fatigue is the cause of 
death, because in the series of animals in which we divided the conus and 
the lumbar nerves, there were no muscular contractions, there was no mus- 
cular activity Nevertheless, these animals died m exactly the same manner 
and the same time as those that suffered from very violent muscular activity 

I am glad also that he brought up the point about the spinal cord experi- 
ments of Doctor Rivers I may say in passing that you will note in the 
abstract a mention of four dogs in which tetanus toxin was injected into the 
lumbar cord and then, just before death, that segment of the cord was excised 
and injected into healthy dogs, and caused their death We have not included 
that experiment in this particular communication because we have been able 
to obtain that result m only five out of 20 experiments, and do not think that 
such a proportion is statistically significant Nevertheless, one has to explain 
the death of those five animals , and the experiments which we are now con- 
ducting will, I think, shed light on that point and will also offer the indis- 
putable proof that Doctor Hembecker wants 
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BOOK REVIEW 


The Horse and Buggy Doctor By Arthur E Hertzler, MD, New 
Yoik and London Haiper & Brothers, 1938 

The leviewei takes the greatest satisfaction in unequivocally praising the 
latest effoit of Doctoi Hertzler after having read the recitation of his life 
struggle This biography should be read by both young and old , by the former 
to stimulate them to emulation and by the latter to afford them the pleasure 
of learning what has been accomplished by a man who has passed through 
certainly moie than his share of vicissitudes, many of which must bring back 
to the leadei similar situations in his own life The book will certainly prove 
to be most interesting to lay people as well as to members of the medical pro- 
fession This is reflected if one consults the tabulation of the books America 
is reading as summarized in the weekly reviews of those most popular, in 
which it has risen rapidly to second place 

The author has injected a most interesting personal philosophy throughout 
the book, admixed with a remaikable, homely humor, at times salty, in which 
one can readily appreciate the leputation he has earned as a most amusing 
raconteur Indeed, a little of the “Hertzlenan” humor would make anyone 
feel better and a continuation of it would effect a cure in a great many 
patients 

The almost incredible experiences thiough which Doctor Hertzlei passed 
from boyhood to his present piomment position, are interestingly and fasci- 
natingly recited, illustrating, by example, his triad for success, namely, the 
material, the books and the zvill to do His progression m life is concisely 
indicated by the twelve chapter captions “Medicine as It Was in My Boy- 
hood, I Prepare to Study Medicine, I Study Medicine, I Go to the Patient, 
I Arrive at the Patient’s Bedside, The Patient Comes to the Office, I Seek 
Further Education, I Educate Myself, I Practice Kitchen Surgery, I Build 
a Hospital , Me and My Patient , Medicine as It Is To-Day ” 

I do not recall ever having read a more absorbing story than that detailing 
his experiences in performing “kitchen surgery ” It shows what can be ac- 
complished with practically no facilities by one gifted with unusual common 
sense, adaptability, ingenuity, resourcefulness, determination and daring, when 
backed up by the preparation which the author had so laboriously acquiree 
The subject matter itself is most amusingly presented and the details of cases 
reported really thrilling 

That “a man may be known by the company he keeps’’ may be remar ve 
by the friends with whom Doctoi Hertzler associated himself, veritably ac^ 
quirmg a postgraduate education on a “shoestring ” Are not the names 0 
Jaggard, Fenner, Dean, Davis, Hans Virchow, Waldeyer, von Bergman, 
Fischer, Kopsch, Janzen, Lexer, Geihaidt, Juigens, Lassar, etc , etc , ones 
to conjure with? An imposing shelf of some thirty-odd scientific works 
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Doctor Hertzler is sufficient evidence of the knowledge gained from, and 
the impetus given by these teachers and well exemplifies his chief desideratum, 
“the mil to do ” 

His characterizations of operative assistants are most amusing and ironical 
His conclusions relative to wound infections, as gatheied from his own obser- 
vations under most adverse conditions, aie well woith considenng seriously 
They are certainly quite at variance with some of the piesent-day ideas His 
unfortunate expenences with the establishing of a pnvate hospital are pathetic, 
they will be appreciated by many of his readers who have passed through 
the same trials 

Thus, one could continue ad infinitum, so many are the interesting and 
important questions introduced by Doctor Hertzler, but one’s own “Horse 
and Buggy” probably, it is hoped, waits 

To summarize and conclude, theiefore Read it as soon as possible, then 
reiead much of it and find out what you missed of its context and philosophy 
the first time 

James T Pilcher 
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THE TREATMENT OF BRAIN ABSCESS *f 


Paul C Bucy, MD 
Chicago, III 

I'HOU TUI. DIS IblOS' OP NEUROLOG1 AND N’tX’HOSUUGEUY OF THE UMNEBSITY OF CHICAGO, CHICAGO, ILL 

The most appropriate method of dealing with abscesses of the bram is 
still the subject of discussion Any method which has proved reasonably 
successful merits consideration The present report is based upon a series 

of 17 consecutive cases m which the abscess has been dealt with surgically 
(Table I) Of the 17 cases, four were cerebellar and 13 were cerebral f Of 
the former none died Of the cerebral cases five died (29 4 per cent) In 
three of these five fatal cases the infection metastasized from the lung In 
Case 2, there were multiple areas of infection throughout the body, m the 
chest, abdomen and pelvis, and a culture of the blood revealed Staphylococcus 
aioeus, the organism found m the cerebial abscess The patient improved 
gieatly following drainage of a laige abscess in the right parietal area, only 
to become unexpectedly stuporous on the eighth postoperative day and die 
within 24 hours Knowing the tendency for abscesses which originate by 
metastasis from the lungs to be multiple, it was believed that death was prob- 
ably the lesult of one or more othei intracranial abscesses Unfortunately, 
necropsy was refused In Case 3, a child of 18 months, where the infection 
also arose from the lung, necropsy revealed a total of seven separate, intra- 
cerebral abscesses and a leptomeningitis In Case 5, the child, age 3, was 
admitted in extremis, and died within less than 24 horns after admission and 
operation Necropsy levealed an enormous abscess of the left parieto- 
occipital region which had luptured into the lateral ventricle and produced a 
diffuse leptomeningitis, 111 all probability prior to the operation It is difficult 
to see how any type of treatment could have benefited these three cases 
(unless m Case 5, a combination of drainage and the administration of sul- 


* Presented before the Chicago Surgical Society, May 6, 1938 Submitted for publi- 
cation April 21, 1938 

7 Since preparing this paper an additional case has been treated and has recovered 
I he patient (F S ) was a female, age 4, who had developed a right cerebellar abscess, 
apparently secondarily to a transitory right otitis media Hemolytic Streptococci were 
recovered from the abscess It was successfully treated with a single aspiration and the 
subsequent administration of sulphamlamide 
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phamlamicie which, however, did not exist at that time, 1932, might have 
proved effective) The othei two fatal cases (Cases 9 and 13) presented 
entirely different conditions and will be considered in detail latei 

Method Employed — Since 1935, an endeavor has been made to treat all 
cases by the following method Occasionally, as m Case 12, circumstances 
have precluded following this piocedure completely or, as in Case 8, have 
made it unnecessary No claim is made that the method is either new or 
onginal, only that it seems rational and, as will be seen, has been successful 



Two Stage Method of Treating Br\in Abscesses 


Fig 1 — First Stage (A and B) An incision and small craniectomy are made over the ab'cess 
A cruciate incision is made in the dura mater, and the subdural space about the opening is packed \u « 
gauze soaked in a weak solution of iodine . j 

Second Stage (C) The usual finding at the second operation The cerebral cortex has been 'ea 
to the dura mater The cortex overlying the abscess is removed and the ab ce=s i~ evacuated 
drained (D) When the abscess has partiallv herniated through the craniectom\ it can be mar'upia 
and drained (E) Rarelj, the abscess will be found to have herniated out oi the skull It can t 
removed i n toto 


Fust Stage — The abscess having been localized, an incision is made o\er 
it In the case of a cerebellar abscess of otogenic oiigin, the incision is a 
vertical one, made a shoit distance medial to the mastoid process and the 
wound of the mastoidectomy, with an otogenic abscess of the temporal lobe, 
the incision is just in front of the ear The margins of the incision are sepa 
lated by a self-retaining retractoi A trephine opening is made in the sku 
and enlarged with a rongeur to 3 or 4 cm in diameter A cruciate incision 
is made in the dura mater The resultant triangular flaps of dura mater are 
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reflected exposing the tense and bulging cerebral cortex A long strip of 
one-half inch selvedged gauze is soaked m one- fourth strength tincture of 
iodine and lightly dried with a gauze sponge This gauze strip is then packed 
into the subdural space beneath the dura around the margins of the opening 
(Fig i A and B) In doing so the pia-arachnoid membrane and cerebral 
cortex are moderately traumatized If the patient’s condition is satisfactory, 
nothing fuither is done and the wound is closed, bringing the end of the 
gauze strip out through the incision If the patient is suffering from severely 
increased intracranial tension, a needle is inserted through the cortex into the 
abscess, after the subdural space has been walled off, and as much pus as will, 
allowed to escape The needle is then withdrawn and the wound closed 

This method is designed to close off the meningeal spaces, subdural and 
subarachnoid, from the infectious material escaping from the abscess It has 
long been recognized that the tendency for the bram to fall away from the 
dura as the abscess is evacuated opens these channels and is a great potential 
source of meningitis, usually a fatal complication This method which de- 
liberately promotes scar foi mation between the cerebral cortex, pia-arachnoid 
membrane and dura mater pi events this It has been adopted from the 
thoracic surgeons, who utilize a similar proceduie to obliterate the pleural 
space about the site of drainage of a lung abscess Its success in the field of 
thoracic surgery is well known Although it has been used by other surgeons, 
as noted by Davidoff, 3 the usefulness of the method is not commonly recog- 
nized Some neurosurgeons attempt to wall off these spaces by cauterizing 
the dura mater and by suturing it to the pia-arachnoid membrane and then 
draining the abscess at the same opeiation (Adson and Craig, 1 and Davis 4 ) 
Knowing the insecurity of sutures placed m the pia-arachnoid and the tenuous 
nature of adhesions produced byjthe dead coagulum resulting from the electric 
cautery, this method has been avoided in this clinic The use of a two stage 
piocedure, but without any mechanical or chemical stimulus to promote ob- 
literation of these spaces, was advocated by Dowman, in 1923, 5 but not 
generally accepted 

In only one case have we had an opportunity to examine the menmgo- 
cerebral scar produced by this method As the case itself is unusual and 
interesting, it is presented m some detail 

Case 13 Unit No 191568 N AC, female, age 6, was referred by Dr J R 
Doty of Gary, Indiana, with the diagnosis of a brain abscess She was admitted to 
the University of Chicago CUmcs January 24, 1938 

On November 1, 1937, the patient fell while playing, forcing a long dried weed 
up her right nostril There was profuse bleeding but no other symptoms at the time 
1 hat night she vomited and complained of headache Subsequently she had repeated 
episodes of headache and vomiting, which usually occurred in the early morning The 
symptoms grew steadily more severe The child lost weight, her appetite was poor 
and she became irritable She was in bed during most of the month of January There 
was no fever until January 16, 1938, when she developed a temperature of 103° F 
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Some fever was present thereafter On January 21, I93^> she developed a severe head- 
ache, vomiting and a stiff neck which persisted 

Physical Examination — She was poorly nourished and dehydrated, and, although 
rather listless and irritable, was fairly cooperative, rational and well oriented The 
superficial veins of the scalp in the right frontal region were dilated There was 
marked stiffness of the neck Kermg’s sign was positive bilaterally There was a 
severe bilateral papilledema with several hemorrhages The visual fields were full to 
gross tests There was a marked lower, left facial weakness There was questionable 
slight weakness of the left arm (she was said to be left-handed) but no weakness in 
the lower extremities and no evidence of an aphasia Tendon reflexes were active and 
equal on the two sides There was a positive Babinski’s sign on the left side The 



Fig 2 — Case 13 Drainage of an abscess in the right frontal lobe The dura mater is firmly ad 
herent around the margins of the site of drainage Theie has been no spread of infection to tne 
neighboring meningeal spaces 

temperature was 37 5° C , pulse 60, and respirations 16 Diagnosis Abscess of the 
right frontal lobe 

Opoation — First Stage January 24, 1938 Under local anesthesia, an incision 
was made in the right frontal region parallel to and just back of the hair line 
trephine opening was enlarged to 3x4 cm in diameter The dura was incised an 
the cerebral cortex, which was under very great tension, herniated through the opening 
The subdural space was packed A brain puncture needle, inserted through the cortex, 
encountered the abscess at 2 5 cm Forty-five cubic centimeters of pus were remove 
The patient’s pulse immediately rose from 60 to 90 per minute Cultures of the a sce^ 
revealed hemolytic Staphylococcus ameus and pneumococcus. Type XXIV, tor w 
there is no antiserum 

During the days which followed her pulse varied from 100 to 140, tempera 
remained about 38° C , respirations 20 to 26 Her condition was good e a e 
took fluids well 
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the cribriform plate from the nose into the cranial cavity There was no evidence of 
meningitis over the convexity of the cerebral hemispheres or about the site of drainage 
of the abscess to the margins of which the dura was firmly adherent (Fig 2) There 
was a thick layer of pus covering the hypothalamus, the undersurface of the pons and 
medulla oblongata The infection had obviously spread backward from the region of the 
cribriform plates and not from the point of drainage of the abscess 

Figure 3 is a photomicrograph of the meningocerebral scar at the edge of the 
defect m the frontal lobe through which the abscess was drained 


Comment — Although this case tei initiated unfortunately from a complica- 
tion which could hardly have been foieseen or prevented, it demonstrates the 
adequacy of the method for the purpose for which it was designed The 
dura was firmly sealed about the site of drainage and this sealing prevented 
the spread of infection at this point and effectively walled off the meningeal 
spaces from the infectious material (Figs 2 and 3) 

On one occasion (Case 12) the abscess was situated only 3 or 4 Mm be- 
neath the cortex The subdural space was walled off as usual, but on punc- 
turing the abscess with a needle it ruptured into the field, necessitating 
evacuation and diainage (as will be discussed below) at the initial operation 
Although a most satisfactory lesult was obtained in this case, it is thought 
that the one stage proceduie is too hazardous to wariant general use In 
Case 8, the attack upon the intracerebral abscess was preceded by the removal 
of a focus of osteomyelitis in the skull and the evacuation of a laige extra- 
dural abscess five months earlier The two stage procedure was not necessary 
as this mflammatoiy process had walled off the subduial space 

If in the interim between the first and second stages signs of pressure 
develop, the abscess may be punctured and evacuated In our experience, 
however, repeated evacuation through a needle will not suffice to cure an 
abscess which is not sterile There may rarely occur cases in which repeated 
evacuation in this manner will not suffice to relieve tension and the delay 
necessitated by the two stage procedure may piove dangerous It is be- 
lieved that this may have been true m the following case 


Case 9 — Unit No 154484 V D , female, age 15, was taken ill, April 27, i93^> 
two months prior to admission, with a sore throat, chill and fever Five days later 
pus began to discharge from both ears Six days after this a right mastoidectomy was 
performed at another hospital and pus containing hemolytic Streptococci recovered A 
week later the left mastoid was opened The same organism was found Eight days 
after this last procedure the patient had a chill, a temperature of 104° F , and Strepto 
cocci were recovered from the blood stream A lumbar puncture performed three ays 
later revealed a “normal” pressure, six cells, and Pandy’s test was negative e 
following day she developed pain in the left temple and about the left eye The e 
mastoidectomy wound was reexplored but nothing unusual was found The su seq 
course was uneventful and she was discharged from the hospital three weeks 3 e 
She soon developed headache and began to vomit These symptoms grew progressive^ 
more severe A lumbar puncture demonstrated an increased pressure, 180 cells P er ^^ 
Mm, mostly lymphocytes, and Pandy’s test gave a one plus reaction She vvas 
admitted to the University of Chicago Clinics, five days after discharge from t ie 0 
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hospital and two months after the onset of the initial infection, complaining of headache 

Physical Examination —The patient was mentally clear and alert There was an 
early bilateral papilledema The neck was slightly stiff There were slight incoordi- 
nation and weakness of the left arm Blood pressure, 1x5/80 The examination was 
otherwise negative The following day her headache was severe Pulse had fallen to 
52 per minute and she soon became comatose A slight left facial weakness could be 

made out 

Opeiation — Nine am, June 28, 1936 An incision and trephine opening were made 
m the right temporal region The opening was enlarged with a rongeur to between 
3 and 4 cm m diameter A cruciate incision was made in the dura and the brain 
herniated through the opening A strip of gauze saturated with a weakened tincture 
of iodine was packed into the subdural space about the opening A brain puncture 
needle was inserted and encountered the abscess at 2 cm Ten cubic centimeters of 
pus flowed from the needle Culture showed hemolytic Streptococcus The wound 
was closed without further intervention Subsequently, the patient became conscious 
and mentally alert The pulse rose to 80 At 10 p m headache returned and the pulse 
fell to 68 At 5 a m the following morning the pulse fell to 50 Blood pressure, 
130/80 The patient complained of considerable headache but was not stuporous A 
needle was inserted but only 3 cc of pus were obtained Although her condition was 
much improved, it was decided to evacuate and dram the abscess later that morning 
At 7 30 a m the pulse was 68 , blood pressure, 130/70 At 8 a m the patient suddenly 
lost consciousness and respirations ceased The pulse was 114, blood pressure, 194/150 
She was immediately given artificial respiration An unsuccessful attempt was made 
to puncture the abscess again The patient was immediately reoperated upon The 
opening m the temporal bone was enlarged The abscess and a portion of the temporal 
lobe herniated into the field They were removed The pulse fell to 88 but spontaneous 
respiration was not resumed She was placed in a respirator but died at 6 30 a m the 
following morning without regaining consciousness Necropsy revealed that the abscess 
had been completely removed There was a very severe cerebral edema and an acute 
purulent leptomeningitis 

Comment — Of all our cases, this is the only one 111 which there is the 
slightest reason to believe that the delay, consequent to the two stage pro- 
ceduie, may have been responsible for the fatal outcome Even here there 
is no assurance, in view of the fulminating course and the presence of an 
acute purulent meningitis at necropsy, that evacuation and drainage of the 
abscess at the first opeiation, less than 48 hours before death, would have 
produced a more fortunate result 

Usually, however, the patient’s condition improves during the interval 
between the two stages Foity-eight hours aftei the initial operation the 
gauze strip is removed pei nutting the tissues traumatized by mechanical and 
chemical means to come together and unite by scar formation Approxi- 
mately six days after the initial operation the second stage is undertaken 

Second Stage The pi ocedure at the second operation naturally varies 
somewhat with what has taken place m the intei val and with the findings at 
that time In the great majority of cases the abscess will still be found be- 
neath the ceiebral cortex and will be tieated by incision and diamage (Fig 
1 C) In a few instances the abscess will have migrated outward so that 
the dome protiudes through the defect in the skull (Fig 1 D) These can 
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best be treated by marsupialization as advocated by Horrax G Still more 
rarely, the abscess will have nngiated through the defect in the skull (Fig 
i E) and can be readily enucleated as recommended by Kahn 7 

Drainage — Usually at the second operation the cortex will be found her- 
niated thi ought the defect in the skull The brain has become firmly sealed to 
the dui a mater about the opening The overlying cortex is removed either 
with suction or the high frequency electric cautery, exposing the surface of the 
abscess The dome of the abscess is incised The pus within is removed 
by suction, caie being taken to avoid traumatizing or tearing the capsule 
After insertion of ribbon retractors into the abscess, the interior can be in- 
vestigated foi evidence of neighboring communicating abscesses A firm 
rubber drain, i cm in diameter, is then inserted into the abscess cavity and 
held in place by sutunng it to the skin The remainder of the cavity is filled 
loosely with selvedgecl gauze which is also brought out and sutured to the 
skin edge The skin is then closed about the drain This method of dealing 
with the abscess is identical with that advocated by Adson and Craig 1 The 
same method is equally adaptable to both cerebral and cerebellar abscesses, 
and there is little 01 no danger of contaminating the meningeal spaces, a very 
leal dangei in any one stage procedure Within 24 to 48 hours removal of 
the gauze stnps is begun, part being drawn out and removed each day 
After removal of the gauze the rubber drain is released from its anchorage 
to the skin It will be forced out gradually as the capsule collapses The 
drain is cut off each day as it is extruded The time and rate of removal of 
the rubber drain will depend upon the rate of healing of the abscess as deter- 
mined by the amount of drainage and rate of extrusion of the tube The 
following case reports will exemplify the method in a cerebral and in a 
cerebellar abscess 

Case 11 — Unit No 168171 I G, female, age 7, was referred to us by the Chil- 
dren’s Memorial Hospital, Chicago, where she had been admitted January 7, 1937 Tw ° 
weeks previously she had developed an upper respiratory infection which was compli 
cated by an infection in the right ear On January 9, 1937, a simple right mastoidectom) 
was performed but no pus was found and she did not improve Six days later the 
wound was reexplored and pus was obtained from cells in the zygomatic region Two 
days later, January 17, 1937, she developed a severe headache Examination revealed 
a bilaterally positive Kermg’s sign, a left Babmski’s sign and left ankle clonus 'that 
day, the wound was again explored and an extradural abscess found 111 the region of 
the squama of the temporal bone and drained She improved until eight days later, 
when she developed a severe frontal headache, a left facial weakness and Babinski s 
sign was again present on the left The headache persisted She became stuporous 
and the pulse dropped from 115 to 60 On January 27, 1937, a lumbar puncture was 
made The pressure was 150 Mm of fluid, the test for globulin was positive, there " ere 
15 white blood cells, nine of which were polymorphonuclear leukocytes Cultures of t ie 
fluid were negative The patient was first seen by me January 29, 1937, 12 days a ^ ter ! W 
onset of the first intracranial symptoms 

Physical E vamination — The patient was comatose There was no response e\c 
to painful stimuli There was a marked left facial weakness The right P U I» 

968 



-volume los BRAIN ABSCESS 

Number 0 

twice the size of the left The tendon reflexes were active and equal Babmski’s sign 
was positive on the left The optic disks were flat and normal Diagnosis Abscess o 
the right temporal lobe and, although it was thought probably to be a futile procedure, 
an operation was undertaken 

Opeiatton — January 29, 1937 The first stage was earned out as outlined above 
The subdural space was packed off A needle was inserted It encountered the abscess 
at 2 cm , and 45 cc of dirty, reddish purulent material flowed out Culture showed a 

hemolytic Streptococcus The wound was closed 

At the beginning of the operation she was comatose, pulse, 60 At the close she 
was fully conscious and the pulse was 80 Two days later, January 31, 1937 , A le § auze 
was withdrawn from the subdural space Her temperature, pulse and respirations were 
normal and remained so thereafter Examination revealed only a left homonymous, 
upper quadrantic defect m the visual fields and a slight left facial weakness On 

February 6, 1937, she complained of a slight frontal headache and 28 cc of pus were 

aspirated The following day 20 cc more were removed 

Second Stage — February 8, 1937, ten days after the first stage The previous in- 
cision was reopened The abscess was now only 1 cm beneath the surface The 
abscess was treated exactly as described above For the next three days the drainage 
was profuse By February 16, 1937, eight days after drainage of the abscess, the gauze 
pack had been removed and the amount of purulent drainage was considerably reduced 
Four days later the suture restraining the rubber tube was cut and the tube was gradu- 
ally extruded, and was entirely removed March 13, 1937, 33 days after drainage of the 
abscess The wound was healed by March 24, 1937, and she was discharged from the 

hospital perfectly well two days later, exactly eight weeks after admission She was 

last seen April 25, 1938, at which time she was perfectly well Neurologic examina- 
tion was entirely negative and the visual fields were full 

Comment — In addition to strengthening oui faith m this method of 
treatment, this case has made us wary of despairing of any case of biam ab- 
scess until all possible therapeutic measures have been exhausted 

Exactly the same procedure is equally suitable for the treatment of ab- 
scesses of the cerebellum as lllustiated by the following case 

Case 15 — Unit No 50693 D Y, male, age 7, was referred by the Children’s 
Memorial Hospital, Chicago In the autumn of 1934, he developed pneumonia which 
was followed by a left otitis media In February, 1935, an attack of scarlet fever 
resulted 111 a reactivation of the otitis media On March 27, 1935, he developed a 
frontal headache, continuous vomiting, and as a result rapidly lost weight He was 
admitted to the Children’s Memorial Hospital two days later At that time he was 
alternately irritable and stuporous Theie was a slight rigidity of the neck A lumbar 
puncture was made The pressure was “normal” There were 480 white blood cells, 
60 per cent lymphocytes Cultures were negative There were 56 mg of glucose pei 
xoo cc He developed a right sixth and seventh cranial nerve weakness, a mild left 
hemiparesis and became stuporous Two days later a left external rectus weakness de- 
veloped Subsequently his condition improved Roentgenograms made on April 24, 1935, 
revealed a slight separation of the cranial sutures On May 10, 1935, an early papilledema 
was observed Eight days later he was admitted to the University of Chicago Clinics 
Physical Evanunation — There was no spontaneous voluntary movement of the left 
arm or leg but they were not paralyzed There was gross incoordination of the left 
arm and leg with marked flaccidity of those extremities The gait could not be tested 
The optic disks were choked Ocular movements were full but there was a slow coarse 
nystagmus on looking to the left The tendon reflexes were uniformly diminished 
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Babinski’s sign was not present The neck was moderately stiff Kermg’s sign was not 
present Diagnosis Abscess of the left cerebellar hemisphere 

Fust Stage — May 23, 1935 lhe usual incision and small craniectomy were made 
ovei the left cerebellar hemisphere The subdural space was packed about the opening 
and the wound closed Two days later he was in excellent condition The subdural 
pack was lemoved 

Second Stage — May 28, 1935 The former incision was reopened The abscess 
was found 0 5 cm below the surface It was opened, evacuated and a firm rubber 
diain inserted as described above Smears of the pus revealed Streptococci 

Following the operation there was moderate drainage On June 2, 1935, the suture 
holding the drain in place was cut and the drain was slowly extruded It was com- 
pletely removed June 12, 1935 By June 18, 1935, the wound was healed and the 
patient was able to walk unaided He was discharged June 30, 1935, 38 days after 
the first operation 

When last seen, September 15, 1937, two years and four months after the operation, 
the boy was perfectly well There was no evidence of any cerebellar disturbance 

Mai supmhzation — Occasionally when the wound is leopened at the second 
operation, the dome of the abscess will be found to have herniated through the 
defect in the bone (Fig - 1 D) In such cases, the abscess can be opened, 
evacuated and the capsule sutuied to the subcutaneous tissue or scalp, thus 
maisupiahzing it as lecommended by H011 ax 0 The abscess is then drained 
and packed as previously descubed In the following case this method 
was used 


Case 17 — Unit No 169671 D H, male, age 14, was referred by Dr Raymond 
Brown of Joliet, Illinois In November, 1936, he developed an upper respiratory in- 
fection The following month a right otitis media appeared One week later, De- 
cember 26, 1936, he developed a severe headache, complained of dizziness and their 
gradually grew worse On January 8, 1937, a right mastoidectomy was performed 
Although his general condition improved, it was soon noted that the right arm and 
leg were unsteady O11 February 12, 1937, he developed a very severe headache and 
the following day projectile vomiting appeared He was admitted to the University 
of Chicago Clinics February 19, 1937 He was an intelligent cooperative patient 
He was and for years had been excessively obese There was a bilateral papilledema 
of two diopters The visual fields were full Upward conjugate deviation of the eyes 
was poorly done There was a nystagmus on looking to either side, more marked to 
the right, and on looking upward The right upper and lower extremities were hypotonic 
and their movements were very ataxic There was marked dysdiadokokinesis on the 
right side He was unable to stand with his feet together and swayed when he stoo 
with his feet wide apart He staggered when he walked, falling mostly to the w 
The neck was stiff The tendon reflexes were more active on the right There was 
a sustained ankle clonus on the right, unsustained on the left side Babinski s sig' 
was present on the right The temperature and respirations were normal, pulse, 10 
Diagnosis Right-sided cerebellar abscess 

0 fetation — First Stage February 20, 1937 A vertical incision and an 
in the occipital bone were made over the right cerebellar hemisphere The su 
space was packed A needle was inserted which encountered the abscess at 1 ^ 
45 cc of greenish white pus flowed out The organism proved to be a pneumoco 
Type II j 

Subsequently his condition was much improved , the ataxia practically isapp 
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The subdural pack was removed in 48 hours, and six days after the first operation the 
second stage was undertaken 

Second Stage — February 26, 1937 The old incision was reopened The dome ot 
the abscess had herniated through the opening in the bone It was incised and the 
capsule sutured to the subcutaneous tissue The pus within the abscess was evacuated 
and a firm rubber tube drain inserted 

Two days later, he developed a diplopia and a weakness of the right external rectus 
muscle which persisted until hts discharge from the hospital The wound did not 
dram well On March 7, 1937, nine days after drainage was instituted, the wound 
became tense and two days later began discharging cerebrospinal fluid The patient 
was placed flat m bed and fluids were forced The drainage of cerebrospinal fluid 
was profuse On March ix, 1937, the signs of right cerebellar involvement returned 
but began to subside about six days later By March 24, 1937, the amount of cerebro- 
spinal fluid drainage had become reduced and four days later it ceased, but herniation 
of the wound appeared and grew progressively more marked On April 3, 1937 > th £ 
wound was reopened No abscess was found and the cerebellar hernia was amputated 
The wound was drained and subsequently discharged cerebrospinal fluid which on cul- 
ture was found to contain hemolytic Staphylococcus auicus On April 19, 1937 . 
optic disks were flat The patient had no headache There was a marked nystagmus 
on looking to the right and severe right-sided signs of cerebellar deficit By April 
2 7, 1937, all drainage of cerebrospinal fluid had ceased and the patient was up m a 
chair A slight purulent discharge persisted On May 13, 1937, a small bony se- 
questrum was removed By June 9, 1937, the wound was completely healed and the 
patient was discharged He was able to walk, but rather severe cerebellar signs still 
persisted When seen November 8, 1937, he had gained 1554 pounds m weight since 
leaving the hospital and weighed 22154 pounds His station and gait were good He 
could stand with his feet together without swaying There was still considerable dys- 
diadokokinesis of the right hand, and his writing, though legible, was poor The wound 
was well healed, bulging slightly The optic disks were flat He was placed on a 
limited diet and within a month lost 2354 pounds He is feeling well and the remaining 
cerebellar signs are rapidly diminishing 

Comment — In addition to illustrating the utilization of the marsupializa- 
tion technic, which is limited in its usefulness to a very small group of cases, 
this case illustrates the method of dealing with a leak of cerebrospinal fluid 
employed m this clmic This is a point which will be dealt with m more 
detail later 

Enucleation Like many other neurosurgeons, we have had the experi- 
ence of enucleating an encapsulated abscess under the mistaken impression 
that we were dealing with a tumor Case 1 was an instance in point It needs 
no fur the t discussion Vincent s s technic of lepeated aspiration of an abscess 
until it develops a thick capsule and then deliberately reflecting an osteoplastic 
flap and enucleating the abscess as one would a tumor appeals to us as a 
rational method of treatment It is most suitable for abscesses m the frontal 
lobes We have had no oppoitumty to use exactly this technic since we 
leai ned of it but the following case is not dissimilai 

Case 10— Unit No 156653 M G, female, age 3, was referred by Dr Frank 
Greer, Chicago About July xo, 1936, she developed a stye on the left eyelid On 
July 12, 1936, she fell out of bed striking the region of the left eye The following 
day she developed a fever of 102° F which persisted for several days On July 16 
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1936, a tender swelling appeared in the left temple and the eye was swollen shut On 
July 20, 1936, the temporal swelling was incised and pus and blood evacuated The 
edema of the eyelids subsided and she was found to have a strabismus The temporal 
abscess soon reformed and she was admitted to the University of Chicago Clinics July 
29, 1936 

Physical Examination revealed no neurologic or other abnormalities other than 
the tender fluctuant swelling in the left temporal region Roentgenograms of the skull 
were considered normal except for a questionable erosion of the lateral margin of the 
left orbit The temporal region was incised and a large abscess found beneath the 
temporal muscle, which was drained Cultures of the pus revealed hemolytic Staphy- 
lococcus am cits The wound soon healed and the patient was discharged August 26, 
1936 On Septembei 3, 1936, she developed nausea and vomiting and was readmitted 
to the Clinics Examination revealed a small swelling in the left frontal region just 
at the hairline Neurologic and ophthalmoscopic examinations revealed no abnormalities 
Roentgenograms of the skull showed a small area of osteomyelitis present beneath the 
swelling On reviewing the roentgenograms, made during her previous hospitalization, 
it was obvious that this area of osteomyelitis, though much smaller, had been present 
at that time and had been overlooked The area of osteomyelitis was extirpated and 
the wound packed There was no extradural abscess and the dura mater was under 
no unusual tension The same organism was cultured Seven days later, September 
I 5» 1936, she complained of headache and vomited Examination revealed early papill- 
edema, a diminution m voluntary use of the left arm and leg, a left facial weakness, 
diminution of the tendon reflexes on the left side with a left Babinsla sign Sensation 
was intact Diagnosis Brain abscess in the right precentral region (1 e , contralateral 
to the original infection) 

Opeiation — First Stage September 16, 1936 The right precentral region was 
exposed, the subdural space packed A brain puncture needle was inserted and an 
abscess encountered at 6 cm Thirty cubic centimeters of pus were evacuated Culture 


revealed hemolytic Staphylococcus aitieus 

The following day the patient was much better but symptoms of refilling of the 
abscess soon appeared Four days after the first stage operation and evacuation of the 
abscess, a needle was inserted through the wound into the abscess Pus flowed out, onto 
to be followed shortly by cerebrospinal fluid This we interpreted as due to rupture 
the lateral ventricle into the abscess At this depth (6 cm ) the ventricle presumably l a > 
immediately beneath the abscess The original needle was replaced by a slightly shorter 
needle of the T-shaped type designed by Frazier Within two days the drainage of cere- 
brospinal fluid ceased and the needle was withdrawn Her condition continued to improve 
and it was hoped that repeated aspiration of this deep-seated abscess would suffice, but 


not so On October 29, 1936, about one and one-half months after the original aspi ratio > 
the wound began to herniate The abscess was punctured and evacuated repeatedly 
abscess was encountered more and more superficially On November 17, 193d. d ie w ° u 
was reopened and the opening in the bone enlarged The subdural space was, tneie 
again packed off A needle encountered the abscess at 3 cm and 25 cc of pus " L 


removed . 

Diainage — Seven days later, November 24, 1936, the wound was again re0 * >e _ 
The brain tissue overlying the abscess was removed with the Bovie high frequencj^^ 
rent The abscess was opened and evacuated, and beneath it was found a second a 5 ^ 

which communicated with the uppermost by a narrow neck It, too, was opene , a 
rubber dram inserted, and the cavities packed as previously described <er 

The packing was removed by December 2, 1936, and the rubber tube by J ^ 

21, 1936 The wound soon healed and was depressed But by January 17, *937t 1 ^ ^ 
bulging again Two days later 25 cc of pus were aspirated On January 22, I937> a 


972 



volume 108 BRAIN ABSCESS 

Number C 

were removed January 23, 193 7 , the wound was again opened The abscesses were 
found, evacuated and drained On February xo, 1937 . the drain was finally removed I he 
wound soon healed and the patient was discharged from the hospital February 14, *937 

On February 25, 1937, she fell from a chair and struck her head The next day she 
developed a headache, vomited and had a temperature of 101 2 0 F She was readmitted on 
February 27, 1937 The wound was bulging and discharging some pus She had a left 
hemiparesis which has been present almost from the outset Thirty cubic centimeters of 
pus were aspirated but the wound soon filled out again 

Enucleation — March 6, 1937 An osteoplastic flap was reflected The abscess was 
carefully dissected free from the surrounding brain but in the inferior part the wall was 
very thin and ruptured The ventricle was opened The wound was drained through 
the center of the scalp flap, the bone being discarded Cultures revealed the same organism, 
namely, hemolytic Staphylococcus aniens 

The patient was kept flat m bed Fluids were forced A profuse drainage of 
cerebrospinal fluid continued for two weeks By April 12, 1937, the wound was entirely 
healed and has remained so The child has a severe left hemiparesis but is otherwise 
well There have been no further symptoms of recurrence of the abscess 

Comment — In this case both repeated aspiration and diamage failed to 
cure the abscess Enucleation was finally undei taken more or less m despair 
The lesults were sudden and excellent It is unfoitunate that the right cen- 
tial region and internal capsule weie involved but no method of treatment 
could have alteied this or the appeal ance of the hemiparesis This case again 
illustrates the development and tieatment of a leak of ceiebrospinal fluid 

Recently, Kahn 7 has advocated a two stage proceduie, at the second stage 
of which the tumoi is enucleated Kahn’s first stage is sunilai to that de- 
scubed m this paper except that Kahn does not advocate puncturing the ab- 
scess — a piocedure which, in this clinic, has been found at times to be of gieat 
value m reducing the intracranial tension and tiding the patient over to the sec- 
ond stage At the second stage Kahn has occasionally found the abscess ex- 
tiuded out of the skull When this occuis, as illustrated by Case 8, absti acted 
below, the abscess is readily removed (Fig 1 E) Usually, however, although 
the abscess will be found to have migrated nearer the surface, it will still be 
beneath the level of the skull In such instances Kahn 1 emoves the overlying 
brain tissue by suction, incises and evacuates the abscess and then removes 
the capsule by dissecting it fiee fiom the surioundmg brain tissue It is 
obvious that temovai of an extruded brain abscess in toto , when possible, is 
a highly satisfactory method of treatment Dissecting the capsule fiee from 
the surrounding traumatized and edematous biain tissue after the field has 
been contaminated by incising and evacuating the abscess is not, however, as 
fiee from dangei and not a pioceduie that we have felt justified in employ- 
ing The following case illustrates the possibility of removing an abscess after 
it has been extruded from the skull although the course followed is not iden- 
tical with that outlined by Kahn 

Case 8 —Unit No 40528 C B , male, age 19, had been treated in this clinic, where 
he had been referred by Stanley H Skrentney, Hammond, Indiana, m June, 1931 because 
ot multiple areas of osteomyelitis He had suffered from convulsive seizures for years 
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About July 15, 1935, he developed an abscess beneath the scalp in the left parietal region 
He was admitted to the hospital October 2, 1935, because of this swelling, difficulty in 
talking and numbness of the right hand Roentgenograms, revealed an area of os- 
teomyelitis in the left parietal bone 

Physical Examination — The patient had a definite aphasia, the optic disks were not 
quite clear but were not choked Sensation was slightly reduced on the right side The 
knee and ankle jerks were more active on the right Babinski’s sign was present bilater- 
ally There was a sustained ankle clonus on the right, unsustained on the left 

Opeiation — October 3, 1935 The subaponeurotic abscess was evacuated, the area of 
osteomyelitis measuring 5\6 cm was removed and an extradural abscess 1 5 cm deep at 
its thickest point evacuated and drained The infecting organism was Staphylococcus 
aniens 

He rapidly improved thereafter and was discharged October 19, 1935, returning to 
the outpatient department for dressings On November 6, 1935, he had a jacksoman 
convulsive attack involving the right hand The wound was healed by December 27, 1935 
He was quite well until the latter part of January, 1936, when he began to suffer from 
headaches O11 February 26, 1936, the wound was bulging and tense and there was bilateral 
papilledema of two diopters He was again admitted to the hospital There was a 
slight right facial weakness, the right arm was weak and its movement slow and poorly 
coordinated Sensation was slightly reduced on the right Reflexes in the right lower 
extienuty were increased and Babinski’s sign was present 

Opeiation — February 28, 1936 The old incision was reopened There was no ex- 
tradural collection of pus The dura mater was incised The bram was brown and 
gelatinous and adherent to the dura A needle encountered an abscess a few millimeters 
below the surface Subsequent events showed that the abscess should have been enucleated, 
a procedure which would have been relatively simple However, because of its location 
it was incised, evacuated and drained in the hope of causing less neurologic disturbance 
There was only moderate drainage On March 6, 1936, the wound began to bulge 
By March 8, 1936, his speech had become worse 

Enucleation — O11 March ii, 1936, the herniation having become more marked, the 
wound was reopened The abcess had herniated out of the skull and was readily removed 
By March 24, 1936, the brain was again herniating, and the patient had become 
completely aphasic On April 1, 1936, he had a large infected fungus Three days later 
this was amputated with the Bovie electrosurgical unit A fistula draining cerebrospinal 
fluid resulted The patient was placed flat in bed and fluids were forced The drainage 
of cerebrospinal fluid continued until April 28, 1936 The wound was healed by J u|ie 7 > 
1936 He has continued well except for a severe right hemiparesis and a partial aphasia 


Comment — The unfortunate permanent result obtained in this case, of a 
hemiplegia and a partial aphasia, was because of the location of the abscess 
and is in no way attnbutable to the method of treatment Undoubtedly the 
whole couise could have been materially shoitened by enucleating the abscess 
when it was hist exposed That was accomplished in Case 4, where a snia 
abscess, about 3 cm in diametei, was found just beneath the dura and an 
area of osteomyelitis in the temporal bone 

Repeated Aspvation — Dandy 2 has recommended that abscess of the rani 
be treated simply by aspuation He states that one aspiration may suffice o, 
that occasionally one, two or three additional tappings may be necessan 
Oui own experience with this method has not impressed us with its e ca^ 
In one instance pieviously cited, Case 10, many more aspirations than 
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were undertaken, without more than temporary relief, and much more radical 
treatment was necessary to obtain a cure In only one instance was simple 
aspiration effective 

Case 6 —Unit No 90999 J A M , male, age 26, was struck over the head with a 
lead pipe September 27, 1933 He sustained a compound, comminuted, depressed fracture 
in the upper right central region He was admitted to the University of Chicago Clinics 
about 12 hours after the injury His left arm was completely paralyzed, the arm was 
flaccid There was a left lower facial weakness The tendon reflexes were diminished 
in the left arm He was operated upon immediately The fragments of bone were re- 
moved One had been duven through the dura The wound was thoroughly debnded 
and closed On October 2, 1933, five days later, purulent drainage (hemolytic Strep- 
tococcus) appeared The strength of the arm was improving The following day the 
left leg became weak and Babinski’s sign was present On October 10, 1933, a. localized 
subaponeurotic abscess was drained On October 21, 1933, he had some headache and a 
moderately stiff neck The scalp wound was opened more extensively and m doing so the 
dura was unintentionally nicked The cortex protruded through this opening A needle 
was inserted and at 2 cm encountered an abscess from which several drops of thick pus 
were obtained Culture showed hemolytic Streptococcus Only the scalp wound was 
drained He soon began to recover and was discharged on November 24, 1933 He 
has an almost completely paralyzed left arm and walks with a hemiplegic gait, but there 
have been no signs of progression of his abscess and he has been seen frequently during 
the years since his accident 

Comment — It seems very questionable whether the aspiration of a few 
drops of pus from this small abscess played any part 111 its cure but there was 
no other specific treatment to which credit could be given 

Leakage of Ce> eh ospmal Fluid — It has long been felt, in this clinic, that 
the leakage of cerebrospinal fluid from a wound engenders an unreasonable 
fear in many surgeons and that it is, theiefore, usually treated m a thoroughly 
illogical manner This seems particularly true of leakage occurring in asso- 
ciation with the drainage of a brain abscess Obviously, there is but one 
place for such fluid, infected by reason of its contact with an infected field, 
and that is outside the skull To attempt to prevent its escape by closing the 
opening with devitalized bits of muscle or other means, or by performing 
lumbar punctures and drawing the contaminated fluid back into the general 
cerebrospinal fluid circulation, is without merit and only to be condemned as 
extremely hazardous Our procedure is to encourage as fiee a flow of the 
fluid as possible To this end, we place the patient flat in bed or even lower 
the head below the level of the lest of the body and force the patient to take 
as much fluid as possible The drainage is allowed to cease and the opening to 
close spontaneously This procedure, employed in the six cases w'hich devel- 
oped such leaks (Nos 8, 10, 12, 14, 16 and 17), has been uniformly successful 
When to Opeiate — The neurosuigeon has always been gieatly concerned 
about when to operate upon an abscess of the brain It is generally agreed 
that operations upon well encapsulated abscesses will be more successful, and 
that encapsulation requites about four to six weeks In many instances, how- 
ever, the patient's condition will not permit of such prolonged delay’ An 
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Case 

No 


Name 


Unit 

No 


Sex 


Age 


Date of 
Onset of 
Original 
Infection 


Table 

SYNOPSIS or STATISTICAL DATA RELEVANT 


Date of Date of 
Onset of First Date of 
Abscess Operation ^ ,sc}lar S e 


Origin 


r 

WJG 

11789 

M 

15 yrs 

n-17-28 

2 

L K 

19702 

F 

37 yrs 

10-15-29 

3 

J P 

35919 

M 

18 mos 

8-22-30 


4 

W R 

51849 

M 

61 yrs 

4- ?~3I 

s 

R M K 

64749 

F 

3 yrs 

3- ?— 31 

6 

JAM 

90999 

M 

26 yrs 

9-27-33 

7 

M 0 

106530 

F 

7 yrs 

? 

8 

C B 

40528 

M 

19 yrs 

7-15-35 

9 

V D 

154484 

F 

15 yrs 

4-27-36 


CERE 


12-18-28 

5-14-29 

6- 7-29 

Right ear 

11-14-29 

(») 

2-13-30 

2-22-30 

Multiple infections 


Died 

+ bloodculture 

It- 5-30 
(?) 

H-25-30 

12- 5-30 

Died 

Empyema 


6- ?— 31 

12-28-31 

3- 8-32 

Osteomyelitis right 
fibula and skull 

7-10-32 

(?) 

7-28-32 

7-29-32 

Died 

Empyema, bron 
chiectasis 

(?) 

10-21-33 

11-24-33 

Compound skull 
fracture 

3-14-34 

6-28-34 

8- 4-34 

? 

> 

2-28-36 

6- 7-36 

Osteomyelitis of 
skull 

? 

6-28-36 

6-30-36 

Died 

Right ear 


10 

M G 

156653 

F 

3 yrs 

7-10-36 

ir 

12 

13 

I G 

T S 

N A C 

168171 

178470 

191568 

F 

M 

F 

7 yrs 

10 yrs 

6 yrs 

12-25-36 
6-20-37 
II- 1-37 


9- 3-36 

9-16-36 

4-12-37 

Osteomyelitis of 
skull 

I-I7-37 

6-22-37 

11- 1-37 

1-29-37 

8-10-37 

1-24-38 

3-26-37 

9-16-37 

2-10-38 

Right ear 

Right ear 

Ran stick up no^e 


Died into brain 
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operation postponed too long may result, if not in death, in blindness (eg, 
Cases i and 14) As neai as it has been possible to estimate, the period from 
the onset of the cerebial infection until operation has varied m our cases 
from 12 days to nine months In the instance of shortest duration, Case 11, 
previously cited, the shoit duration of the abscess infected with hemolytic 
Streptococci cannot be said to have in any way interfered with obtaining an 
excellent result as this is one of the most striking cases in this series This 
patient, whose original infection (otitis media) had occuned only one month 
previously, and whose first symptom of invasion of the nervous system ap- 
pealed only 12 days before admission, was brought into the hospital comatose 
She was opeiated upon by the two stage proceduie herein outlined, and was 
discharged from the hospital completely recoveied less than two months later 

The majority of abscesses had best be attacked as soon as the diagnosis 
has been made with reasonable certainty In a few cases, where conditions 
will permit, a short delay, with the patient undei close observation may be 
desirable in order to affoid moie time to allow of better encapsulation Un- 
fortunately cases where this is possible are all too rare N01 is such delay 
entirely without danger Rupture of the abscess into the ventricle (Case 5 )> 
the development of a meningitis, oi of a seveie and fatal cerebral edema 
(Case 9), are possibilities 

SUM MARY 

Seventeen consecutive cases of abscess of the brain treated by surgical 
means are reported Twelve of these (706 pei cent) lecovered Five (294 
per cent) died In three of these fatal cases the abscess arose from the lung 
In one case, multiple abscesses of the biain were found at necropsy, in another, 
multiple areas of infection, including the blood sti earn, were present through- 
out the body and multiple brain abscesses wei e suspected , in a third, the abscess 
had ruptuied into the ventucle pnor to operation In the fourth case, the 
abscess arose fiom the ear and was located in the temporal lobe, it was a 
particulaily fulminating case and the patient died soon after the first stage 
Necropsy revealed that the abscess had been lemoved at an emergency second 
operation and that a leptomeningitis was present In the fifth case, an abscess 
of the right frontal lobe developed as the lesult of the penetiation of a stick 
thiough the cribriform plate into the biain After drainage of the abscess and 
relief of the pressure, a basilar meningitis spread backward from the region 
of the cribriform plate, causing death 

A method of surgical procedure is outlined It is designed to P reven 
meningitis by contamination of the meningeal spaces It consists 
stages At the first stage, a small craniectomy is made, the su ura 
space is packed off with gauze soaked in a weak solution of iodine, anc 
abscess may or may not be punctured and partially evacuated The 
removed 48 hours later At the second stage, some six days after t ie 
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BRAIN ABSCESS 


the abscess will be found to have migrated nearer the surface The over- 
lying brain tissue is removed and the abscess is evacuated and drained 

In addition, the questions of enucleation of the abscess, of treatment by 
repeated aspiration, the problems of dealing with leaks of cerebrospinal fluid, 
and of when to operate are discussed 
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CARCINOMATOUS METASTASES TO THE BRAIN 

William J German, M D 
New Haven, Conn 

PUO\I T1IE DEI YIITMENT OP SOHGEBY, T YLE UNIVIRSITl SCHOOL OF MEDICINE NEW HUEN, CONN 

Tiie tieatment of cai cmomatous metastases to the brain is a subject 
which is unlikely to arouse much geneial interest because of the hopeless 
outlook from a cuiative standpoint However, on the same basis, the ultimate 
piognosis is almost equally discoui aging in infiltrative gliomata (glioblastoma 
multifoime) In fact, all types of palliative suigery foi malignancy fall mto 
this categoiy, in which an eventual mortality is inevitable 

With the realization that cuiative therapy is impossible, it becomes nec- 
essary to seek othei cutena upon which to base the advisability or inadvis- 
ability of surgical mtei vention Obviously, the simplicity 01 multiplicity of 
the mtiaciamal lesion is of primary importance The present report is based 
entnely upon cases in which the metastasis appealed to be sohtaiy As in othei 
forms of palliative suigeiy, three othei factors must be considered (i) The 
relief of symptoms, (2) duiation of life, and (3) the opeiative mortality 
The present cases aie analyzed in regaicl to these tlnee factois 

Giant, 1 m 1926, compared the lesults 111 25 cases, m whom some form of 
mtiaciamal operation was peifouned, with those in 22 cases who were not 
operated upon He stated “The average length of life fiom time of admission 
to this hospital to death in both verified and unverified cases, whethei operated 
01 non-operated, whether lachcal extupation 01 palliative deconipiession was 
perfoimed, was less than foui months” Theie is no doubt that these dis- 
coui aging lesults have strongly tempeied the opinion of the profession re- 
gal dmg suigical intervention in cases of malignant mtiaciamal metastases 
Howevei, one conclusion of Giant’s is often overlooked After stating that 
suigeiy is unable to prolong the life of these patients, he added “But surgical 
intervention foi the relief of mtraciamal pressure is frequently indicated and 
may go fai toward lelieving suffering in the last few months of life ” 

Shelden, 2 in 1926, leviewed 40 cases of secondary tumors of the brain, 
fiom the aspect of diagnosis Although his papei was not primarily con 
cerned with suigical indications, he distinctly intimated that surgical inter 
vention was not advisable This passive attitude toward the problem " aS 
challenged by Oldberg, 3 in 1933 He lepoited tlnee cases of metastatic cere 
bral lesions with survival periods of eight months, two yeais and tlnee } eari _ 
As further evidence in suppoit of opeiative intei vention, he cited a case ^ 
a cervical cord meningioma, wiongly diagnosed as metastatic carcinoma 
cause of previous malignancy Fortunately, the patient was operated U P^ 
and the benign tumor removed This is a striking example of the fact — _ 
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a primary tumor of the cential nervous system may occur m a patient with 
a past history of malignancy A similar case was leported by Meagher and 
Eisenhardt, 4 an intracranial meningioma being removed eight months after a 
radical mastectomy for carcinoma with axillaiy metastases 

Concerning the question of symptomatic relief, it is lather difficult to 
obtain a definite answei from a review of the recent literature, since full case 
leports are not usually given However, it is foitunate that we may turn to 
the expei lences of Doctoi Cushing, 5 from whose clinic both Grant’s and Old- 
berg’s cases wete collected The statement, “Operations, nevei theless, may 
not mfiequently afford a vast degiee of symptomatic relief for which patients 
and then lelatives aie most giateful,” leaves little doubt legardmg the opera- 
tive relief of symptoms In addition, he contributes a case of a metastatic 
carcinoma fiom the lung with what is probably the longest survival penod on 
record, namely, seven years fiom the onset of ceiebral symptoms and almost 
six years fiom the fust opeiation 1 

The factor of opeiative mortality again necessitates lecoiuse to Doctor 
Cushing 5 Thnty-mne cases were operated upon 50 times with 15 fatalities 
The operative mortality of 30 per cent was due largely to the piolonged hos- 
pitalization of these patients It appears likely that this operative mortality 
has been 1 effected in the low suivival penods repoited by Giant 

The evidence just piesented could haidly be intei pi eted as a conti amclica- 
tion to opeiative attempts upon these unfortunate patients On the contraiy, 
fiom the catena set up at the beginning of this paper, the lecent hteratuie 
must be viewed in a light favorable to surgeiy Symptomatic lelief, which is 
pei haps the most unpoi taut consideration, is specifically noted by both Cushing 
and Giant Concerning the duration of life, it must be stated that aveiage 
survival figuies may be misleading by failing to show the extremes of a series 
The single case of six years’ postoperative life mentioned by Cushmg empha- 
sizes the possibility of material prolongation The operative moitahty is not 
out of proportion to that 111 glioblastoma multifoime, previously mentioned 
Finally, the possibility of disclosing a benign pmnaiy tumor must be 
1 emembered 

Of secondai y interest m the present report is the pi unary souice of the 
metastases In the senes of 40 intracranial metastatic carcinomata, lepoited 
by Meagher and Eisenhardt, 4 25 pei cent weie pnmaiy m the breast, 35 per 
cent were of pulmonary oiigm and the pmnaiy focus was unknown m 25 
pei cent The high incidence of origin m the breast and lung naturally raises 
the conveise question of how frequently these specific tumors metastasize to 
the brain 

Lenz and Fried 0 found evidence of biaui metastases m 21 per cent of 
168 cases of fatal breast carcinomata However, exclusion of those patients 
m whom skull metastases weie likewise present reduced the incidence to 7 per 
cent Applying this figure to an estimated five-year-mortality rate of 59 
per cent, obtained fiom the combined figures of Claiborn and Foster, 7 Cath- 
cart, 8 McCluie and McGiaw, 9 Saltzstem, 10 and Harrington, 11 gives a calcu- 
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latecl incidence of about 4 per cent brain metastases without skull involvement 
from carcinoma of the breast The composite statistics of Dosquet, 12 Sey- 
forth, 13 Levy-Simpson, 14 Filed and Buckley, 15 and Davison and Honvitz 16 
indicate an occurrence of about 51 per cent brain metastases in cases of 
primal y carcinoma of the lung 

Another question which naturally arises is the relative frequency of soli- 
tary and multiple brain metastases The autopsy series suggest that at least 
70 per cent of these metastases are multiple However, from the symptomatic 
aspect the propoition is undoubtedly more nearly equal 

Finally, the interval between the appearance of the pnmary neoplasm and 
the onset of intracranial symptoms deseives bnef consideration In the 
breast metastases lecouled in Meaghet and Eisenhardt’s 4 series, this period 
varied between the extremes of thiee months and almost 12 years 

The present leport is based upon 14 cases of carcinomatous metastases 
to the brain, tieated by suigical extirpation The metastatic nature ot the 
lesion was suspected pi eopei atively in five patients The malignant charactei 
was recognized only aftei microscopic examination in four cases The surgical 
procedures weie based upon 0111 established policy for the treatment of pri- 
mary biain tumors, namely, an extirpation as radical as appears consistent 
with a satisfactory functional lesult Epithelial neoplasms frequently lose 
many of then malignant chaiactenstics in the foreign environment of the 
nervous system and assume the appearance of a benign encapsulated lesion 
However, necrosis and edema may extend for some distance into the sur- 
lounding brain 

CASE REPORTS* 

Case 1 — J N , white, male, age 31, was admitted to the hospital October 29, I 9 2 9 - 
complaining of headache, and nausea and vomiting, of six weeks’ duration Following 
in close succession were weakness of the left extremities, retardation of mental processes 
and generalized weakness Hospitalization elsewhere, four weeks after onset, revealed 
slight papilledema, left hemiparesis, right anosmia and mental dulness 

These findings were confirmed on admission to the New Haven Hospital In addi- 
tion, there were hyperactive deep reflexes on the left, and inability to sit up Roentgeno- 
grams of the skull were negative Ventriculography, October 31, 1929, demonstrated 
what appeared to be a multilocular cystic glioma in the right frontal lobe 

Opei ation, November 6, 1929, through a right frontal bone flap, revealed a relative y 
discrete tumor in the superior frontal region The tumor, about 7 cm in diameter, was 
extirpated Convalescence was uneventful and the metastatic nature of the lesion was not 
suspected until microscopic sections were studied 

Pathologic Examination f — The characteristic cells were large with pale, foamy c y 
plasm and large round nuclei, forming perfect glandular acini Mitoses were xrequ 
and extensive necrosis was present in the surrounding brain tissue Pathologic Diagnosis 

Adenocarcinoma t l ie 

Roentgenologic examination of the chest showed a possible primary carcinoma > n_ — 

* General physical examination was negative for signs of malignancy in all 

unless otherwise noted rewith 

fThe pathologic examinations and diagnosis in all of the 14 cases reporte e 
were made by Dr H M Zimmerman, of the Department of Patholog>, Vale nive 
School of Medicine 
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upper lobe of the left lung The gastro-mtestmal tract was negative for malignancy The 
patient was discharged November 27, 1929, completely relieved of symptoms 

Subsequent Cause —Improvement continued for three months, during which time he 
gained weight and returned to work Death occurred September 29, 1930, almost xx 
months after operation 

Case 2— H A, white, male, age 63, was admitted to the hospital November 11, 

1929, complaining of headache, vomiting and dizziness of four months’ duration More 
recently there had been unsteadiness of gait, transient diplopia, blurring of vision and pain 
in the left ear Neurologic examination revealed bilateral papilledema, suboccipital 
tenderness, staggering gait and moderate ataxia of the left arm and leg Roentgenologic 
examination of the skull was negative 

Opet at ton, November 20, 1929, disclosed a discrete tumor in the left cerebellar hemi- 
sphere, a grossly complete removal was effected Convalescence was rather slow but 
essentially uneventful 

Pathologic E lamination — Microscopically, the tumor presented many irregular 
glandular alveoli composed of cuboidal, dark staining cells Pathologic Diagnosis 
Adenocarcinoma, possibly prostatic m origin 

Subsequent Couise — Reexamination of the prostate was negative for malignancy 
Gastro-intestinal series likewise failed to disclose the primary source of malignancy but 
roentgenologic examination of the chest showed metastatic involvement of both lungs 
He was discharged, very much improved, December 20, 1929 Death occurred April 18, 

1930, five months after operation 

Case 3 — A K , white, female, age 52, was admitted to the hospital May 28, 1930, 
complaining of weakness, vomiting, dizziness, headaches and unsteadiness of four months’ 
duration In 1926 a carcinoma of the right breast was treated elsewhere by simple 
mastectomy and radium application Axillary metastases were noted in May, 1929, re- 
ceiving interstitial radium therapy on two occasions 

Neurologic examination showed blurring of the optic disks, nystagmus, and left-sided 
cerebellar signs Roentgenologic examinations of the chest, skull and gastro-intestinal tract 
were negative for malignancy 

Opeiatwn, July 7, 1930, disclosed a firm tumor in the left cerebellar hemisphere 
Subtotal removal of the tumor was followed by a rapid relief of all symptoms 

Pathologic Evamination demonstrated columns of epithelial cells with abundant 
mitoses There was considerable necrosis in the adjacent cerebellar tissue 

Subsequent Cotuse — She left the hospital July 25, 1930, and remained in excellent 
condition until about two weeks before her death which occurred in December, 1930, 
five months after operation 

Case 4— M M, white, male, age 32, was admitted to the hospital January 26, 1931, 
complaining of right temporal headache, blindness of the right eye, difficulty in speech, 
right facial paralysis, and deafness of the right ear during the preceding ten months 
I11 March, 193°) a mass removed from the right cervical region proved to be metastatic 
carcinoma The positive neurologic findings included involvement of all the cranial 
nerves on the right, bilateral papilledema, weakness of both external recti and bilateral 
cervical masses Roentgenologic examinations of the skull and chest were negative 
Opeiatwn February 10, 1931 A right subtemporal decompression was effected, and 
a tumor was partially removed from the region overlying the trigeminal ganglion 

Pathologic Ei animation — Microscopically, the neoplasm was composed of solid cords 
of large oval cells with vesicular nuclei There were no intercellular bridges or epithelial 
pearls 

Subsequent Comse~R& was discharged April 5, 1931, somewhat improved, but 
still complaining of pain in the right trigeminal area This was partially relieved by 
alcohol injection The patient was readmitted June 9, 1931, because of intractable pam 
m the right trigeminal field The right trigeminal roots were avulsed through the usual 
temporal approach, June xo, 1931 Carcinomatous involvement of the roots and ganglion 
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was demonstrated microscopically Postoperative roentgenologic examinations of the 
esophagus and stomach were negative, and he was discharged June 18, 1931, very grateful 
for the relief of pain 

He was again admitted July 13, 1931, because of pain in the right ear, conjunctivitis 
and keratitis Reexamination still failed to reveal the primary source of the carcinoma 
The larynx and nasopharynx showed no evidence of malignancy, though m spite of this 
the latter would appear to have been the most likely primary site Death occurred 
October 28, 1931 Considerable symptomatic relief had been obtained over a period of 
eight months following the first operation, but the patient was never able to resume work 
Case s — J B , white, female, age 60, was admitted to the hospital July 2, 1931, 
complaining of right facial pain for the previous three months During the last month, 
headache and diplopia had appeared Examination disclosed bilateral blurring of the optic 
disks and involvement of the right fifth and sixth nerves There was roentgenologic evi- 
dence of erosion of the clinoid processes, and the sphenoid sinus 

Opeiation — July 14, 1931 Exploration of the middle fossa revealed a tumor invading 
the trigeminal ganglion and floor of the skull and extending through the dura The 
trigeminal roots and a portion of the ganglion were avulsed and a partial extnpation 
carried out on the subdural portion of the tumor 

Pathologic Examination — Microscopically, the neoplasm presented cores of epithelial 
cells in a dense connective tissue stroma There were no intercellular bridges or 
epithelial pearls 

Subsequent Couise — Search for a primary focus of the carcinoma was unsuccessful, 
and the patient was discharged August 10, 1931, completely relieved of headache and 
trigeminal pain She died October 27, 1931 The period of satisfactory palliation of 
symptoms was about three and one-half months 

Case 6 — E B , white, male, age 43, was admitted to the hospital November 9, 193b 
complaining of attacks of weakness in the lower extremities followed by severe headache, 
vomiting, diplopia, transient blindness in the right eye and dizziness of two months’ 
duration Examination disclosed bilateral anosmia, bilateral papilledema, right sixth 
nerve paresis, left facial weakness, slight weakness and ataxia of the left upper ex- 
tremity Roentgenologic examination of the skull showed a shift of the pineal gland 
to the left 

Opeiation — November 14, 1931 Exploration through a right frontal bone flap re- 
vealed what appeared to be an olfactory groove meningioma The tumor and its dural 
attachment were removed completely and the true nature of the lesion was not suspected 
until microscopic sections were studied 

Pathologic Examination disclosed sheets of large epithelial cells, with pale, round 
nuclei, many in mitosis Occasional acini were lined with tall columnar, ciliated cells 
containing blepharoplasten Pathologic Diagnosis Carcinoma arising from accessorj 
nasal sinuses 

Subsequent Com sc — Convalescence was complicated by a nasal, cerebrospinal fluid 
leak After a series of roentgen treatments directed at the nasal sinuses, he was dis 
charged December 11, 1931, relieved of symptoms He died May 15, I93 2 > S1X months 
after operation 

Case 7 — L M , white, female, age 43, was admitted to the hospital August i°> 
1932, complaining of headache, vomiting, and dizziness of five months’ duration 
significant findings were drowsiness, rigidity of the neck, bilateral papilledema and 1 3 
sixth nerve paresis Roentgenologic examinations of the skull and chest were ne£,JtlV j i g 
Ventriculography, August 16, 1932, demonstrated an internal hydrocephalus involving 
lateral and third ventricles j Jin 

Opeiation — August 18, 1932 Cerebellar exploration disclosed a vascular tumor "* 
the left cerebellar hemisphere having the appearance of a meningioma The tumor 

partially removed thehal 

Pathologic Examination — The tissue was composed of columns of large epi 
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cells frequently forming small acini, the lumen of which contained pink-staining material 
resembling the colloid of normal thyroid gland Pathologic Diagnosis Adenocarcinoma, 
metastatic, from the thyroid gland 

Subsequent Couise — Postoperative examination of the thyroid was negative, but 
before leaving the hospital a small mass became palpable in the region of the liver She 
was discharged September 7, 1932, relieved of her original complaints She died Septem- 
ber 10, 1932, three weeks after operation 

Case 8— M W, white, female, age 51, was admitted to the hospital November 2, 
1933, complaining of convulsions, difficulty in speech, paresthesias in the left upper ex- 
tremity, headache and vomiting beginning eight months previously A left radical 
mastectomy had been performed for carcinoma four and one-half years previously The 
positive findings were bilateral papilledema, right sixth nerve paresis, asteriognosis of 
the left hand Roentgenograms of the skull were negative 

Opeiation, November 9, 1933, disclosed a tumor in the right parietal region 

Pathologic Examination — Microscopically, the neoplasm was composed of tall, colum- 
nar, epithelial cells forming large, irregular acini Many mitotic figures were present 
Pathologic Diagnosis Metastatic adenocarcinoma 

Subsequent Couise — The patient was discharged November 29, 1933 She was never 
able to resume her previous activity, but remained fairly comfortable until her death, 
January 20, 1934, two months after operation 

Case 9 — T C, white, female, age 45, was admitted to the hospital March 10, 1934. 
complaining of headache, vomiting and blurring vision of eight months’ duration, asso- 
ciated with unsteadiness during the past two weeks She was operated upon elsewhere 
m 1928, when a “cancer of the intestine” was removed Positive findings were bilateral 
papilledema, left sixth nerve paresis, and cerebellar signs lateralized to the left There 
were two lower abdominal scars and a small mass 111 the left breast which did not have 
the characteristics of carcinoma Roentgenologic examinations of the skull and chest were 
negative for metastases 

Opeiation, March 12, 1934, disclosed a tumor within the left cerebellar hemisphere 
This was completely removed 

Pathologic Examination — Microscopically, the tumor was composed of large cells 
with hyperchromatic nuclei, arranged in acini and solid columns Mitotic figures were 
numerous 

Subsequent Couise —The patient was discharged March 24, 1934, relieved of symptoms, 
and was able to resume many of her household activities until shortly before her death, in 
December, 1934, nine months after operation 

Case 10 — A S , white, female, age 44, was admitted to the hospital June 4, 1934, 
complaining of unconsciousness, headaches, vomiting and mental dulness during the pre- 
ceding eight months The positive findings were bilateral papilledema, right homonymous 
lower quadrant anopsia, and the presence of several firm nodes in the left supraclavicular 
region Roentgenologic examinations of the skull and chest were negative for malignancy 
Ventriculography, June 9, 1934, demonstrated displacement of the ventricular system to 
the right The ventricular fluid contained large epithelial cells, sometimes in small 
groups 

Opeiation June 11, 1934 Removal of a left occipitoparietal bone flap disclosed a 
cyst m the occipital lobe, containing peculiar, pale yellow, milky fluid A firm nodule 
was removed from the cyst wall 

Pathologic Examination — Microscopically, the neoplasm was composed of sheets 
of large cells, some of which had definite polygonal cellular membranes while others 
appeared to have a syncytial arrangement The nuclei appeared as large vesicular bodies 
m an abundant wme-colored cytoplasm 

A lymph node, removed from the left supraclavicular region, June 23, 1934, was 
diagnosed as squamous cell carcinoma Roentgenograms of the chest and entire gastro- 
intestinal tract were negative for malignancy 
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Subsequent Coiuse — Convalescence was complicated by a thrombophlebitis oi the 
left femoral vein, which delayed her discharge until August i, 1934 She was able to carrv 
on quite well during her first two months at home She died December 2, 1934, six 
months after operation 

Case 11— E L, white, female, age 59, was admitted to the hospital May 6, 1935, 
complaining of dizzy spells, loss of memory and interest of seven months’ duration 
Examination disclosed mental dulness and lethargy, apraxia, slight aphasia and bilateral 
papilledema Roentgenograms of the skull were negative 

Opei ation — Immediately following ventriculography, May 10, 1935, which indicated 
a lesion in the left frontal lobe, a left frontal bone flap was raised and a tumor removed 
from beneath the corpus callosum 

Pathologic Examination — Microscopically, the tissue exhibited considerable cellular 
polymorphism Many cells were of enormous size with pale, ground glass cytoplasm and 
huge bizarre hyperchromatic nuclei, in places forming sheets, in other lying singly m 
extensive pools of hemorrhage Both mitotic and amitotic division were in evidence 
Pathologic Diagnosis Metastatic carcinoma, resembling chorio-epithelioma 

Subsequent Coiuse — Pelvic examination and roentgenologic studies of the chest were 
negative for malignancy She was discharged May 25, 1935, but was never able to com- 
pletely regain hei normal activity at home, and after several months she became aphasic 
and confined to bed She died November 22, 1935, six months after operation A partial 
autopsy, limited to the abdomen and performed elsewhere, failed to reveal the primary 
source of malignancy 

Case 12 — J A , white, female, age 48, was admitted to the hospital December 13. 

1936, complaining of headache, vomiting and mental dulness for two weeks Antedating 
these symptoms by two weeks, there had occurred a brief attack of syncope during which 
a scant, fresh rectal hemorrhage occurred Examination revealed bilateral papilledema, 
left pupil larger than the right, negative rectal and general physical examination Roent- 
genograms of the skull were negative except foi minimal evidence of increased intracranial 
pressure 

Opei ation, immediately following ventriculography, December 15, 1936, which dem- 
onstrated an internal hydrocephalus involving the lateral and third ventricles, a cerebellar 
exploration, disclosed a tumor within the cerebellar vermis A subtotal removal of the 
tumor was accomplished 

Pathologic Examination — Microscopically, the neoplasm presented the picture of a 
highly malignant cylindrical cell carcinoma, forming acini Mitoses were frequent, and 
the cells were arranged in layers around central spaces resembling a carcinoma from 
the lung or gastro-intestinal tract 

Subsequent Coiuse — This patient did very poorly after operation and was never 
able to be out of bed The stools showed a positive guaiac test on two occasions She 
was transferred to another hospital, January 7, 1937, where she died January 14, 1937, one 
month after operation 

Case 13— L H, white, male, age 47, was admitted to the hospital November 8, 

1937, complaining of headache, convulsions, failing memory, olfactory and visual hal u 
cinations of two months’ duration A perforated peptic ulcer had been operated upon -° 
years previously, and recurrent episodes of epigastric pain and vomiting had been P resen 
during the past ten years Examination revealed blurring of the optic disks, transient 
bilateral Babinski and tremor of the hands Spinal fluid pressure was elevated an( 
the Pandy reaction was four plus Roentgenograms of the skull were negative 
intestinal series in another hospital, seven weeks earlier, were reported as negative 

for evidence of “adhesions at tne pylorus ” Ventriculography, November 19, 1 937< ^ 
closed xanthochromic fluid in the right lateral ventricle , the third ventricle was disp ac 

to the left . lucli 

O pci ation — December 2, 1937 A cyst in the right frontal lobe was disc ose , 
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contained 40 cc of xanthochromic fluid A tumor, extending along the wall of the third 
ventricle, was partially removed, together with the cyst wall 

Subsequent Couise — Convalescence was satisfactory until the sixth postoperative 
day, when drowsiness and fever developed The bone flap was reelevated and a sizable 
extradural clot evacuated During the succeeding week signs of bilateral pulmonary in- 
volvement appeared and there was cop'ous “coffee-ground” vomiting on several occasions 
Death occurred December 15, 1937, 13 days after operation 

Pathologic Examination -—The brain tumor was composed of columnar epithelial cells, 
forming acini, many of the cells were of the goblet type and mitoses were piesent 
Autopsy revealed adenocarcinoma of the 
bilateral pneumonia, rupture of the esophagus 
with gastric contents in the right pleural cavity 
and right fibrinopurulent pleurisy The biam 
contained numerous metastatic lesions varying 
from microscopic size to 5 cm in diametei and 
filled (Fig 1) with mucoid material 

Case 14 — M N , white, female, age 34, 
was admitted to the hospital January 4, 193S, 
complaining of right-sided weakness and con- 
vulsions beginning two months previously A 
mass m the left breast, of two years’ duration, 
had been concealed by the patient from hei 
physicians’ attention Examination revealed 
blurring of the optic disks, right hemiparesis, 
minimal right hypesthesia, and a firm, fix'ed 
mass in left breast with axillary metastases 
Roentgenograms of the skull were negative 
A film of the chest, however, demonstrated a 
destructive lesion in the right ninth rib 

Opeiation, January 6, 1938, disclosed a 
discrete, subcortical tumor in the left pre- 
frontal region The tumor was removed m 
one mass 

Pathologic Examination — Microscop - 
cally the sections of the tumor showed it to be 
composed of columns of poorly differentiated 
epithelial cells, many of which were in mitosis 
Pathologic Diagnosis Metastatic carcinoma, 
primary in breast, showing, however, but very 
tion 

Subsequent Com sc— The carcinoma of the breast was treated by radium implantation, 
7,500 mg h , and she was discharged, February 15, 1938, 40 days after operation Four 
weeks later her condition was excellent except for pam in the right arm 

Discussion — Evaluating the preceding cases m the light of the criteria 
set up at the beginning of this paper, it would appear that operation is not 
only justifiable but definitely indicated All cases but two had at least partial 
lehef of symptoms for periods of thiee weeks to eight months following 
opeiation One-half of them were able to carry on their usual activities The 
postoperative survival periods varied from three weeks to 11 months, the 
average being five months plus The life expectancy following operation can 
be best appreciated by reference to Chart 1 The opeiative mortality for this 
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Fig 1 Case 13 Cross section of brain 
showing site of tumor extirpation and several 
smaller metastatic nodules 


little evidence of definite cellular differentia- 
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series was 7 per cent However, it is only fair to state that Case 12 escaped 
being classified as an opeiative death only by virtue of the fact that she died 
m another hospital, to which she was transferred at hei family’s request All 
the other cases wei e able to retui 11 to their homes 

Concerning the pi unary source of the neoplasms, it is impossible to give 
an entirely satisfactory answer m four instances (Cases 2, 5 , 7 an d *0 Three 
cases (Nos 3, 8 and 14) gave a previous history of carcinoma of the breast 
One patient (Case 9) had an “intestinal” resection for carcinoma, presumably 
of the colon Another (Case 4) had nodes of the neck removed for caicmo- 
matous metastases, possibly from the nasopharynx Finally, one patient 
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(Case 10) had carcinoma metastases veufied postoperatively 111 the supra- 
clavicular nodes, peihaps secondary to a pumary lesion in the lung, which, 
howevei, could not be demonstrated 1 oentgenographically Postoperative 
attempts to determine source of malignancy were unsuccessful except in 
Case 1, where a piesumptive carcinoma of the lung was levealed roentgen- 
ologically Case 6 obviously aiose 111 the accessory nasal sinuses as evidenced 
by communication through the cnbriform plate and the piesence of ciliated 
epithelium Case 12 probably had the pnmaiy lesion in the colon on the basis 
of pievious bleeding from the rectum and the microscopic appearance of the 
tumor The pathologic picture m Case 2 suggested prostatic origin, though 
this could not be confirmed by digital examination Similarly, the thyroid 
was implicated in Case 7 but palpation failed to reveal any abnormality 

989 



william j german Annaisoisurgcrj 

December 1938 

Howevei, these two sites — piostate and thyroid — aie known to haiboi small 
areas of carcinoma which may give rise to early metastases It is perhaps 
pertinent in this connection that both patients had extensive metastases else- 
where both lungs m Case 2 and the livei in Case 7 The nasopharynx is 
suggested as the pnmaiy site in Case 5 because of the clinical and pathologic 
similarity to Case 4 Autopsy confirmation in Case 13 revealed a carcinoma 
of the stomach with multiple metastases to the lung and brain Finally, the 
tumoi in Case 11 lesembled a chono-epithehoma, though pelvic examination 
and paitial autopsy failed to confiim this In the four cases with a history of 
previous primal y malignancy, the intervals pieceding admission for brain 
metastases weie two, foui, foui and one-half and six yeais 

Certain othei facts of intei est are lllustiated in Table I In this series 
females outnumbei ed males nine to five The aveiage age was 481 with 
extremes of 31 and 63 The distnbution by age decades is shown in Table II 


Table II 

DISTRIBUTION BY AGE DECADES 


Decade 

4th 5th 

6th 

7th 

Patients 

2 6 

4 

2 


Regai ding the location of the biam metastases, it is somewhat surprising 
to find the ceiebellum involved in five cases in spite of its relatively small 
size All lobes of the cerebium weie represented, the fiontal in foui cases 
The only peculianty of latei ahzation was the fact that the right cerebral 
hemispheie was involved moie often than the left (5 3), while the right 
cerebellar hemispheie was nevei implicated (04, 1 111 vermis) Multiple 
metastases m both cerebial hemispheies were found at autopsy in one case 
Finally, consideiation of the penod of hospitalization is of some impor- 
tance The average was 47 days with extremes of 14 and 185 1 This latter 
figure included thiee separate hospitalizations ending in a long teinunal illness 
because the patient could not be caied for adequately at home However, 
even excepting this unusual instance, theie was too much tune spent in the 
hospital, both before and after opeiation Reference to Chart x illustrates 
that the life expectancy at best is in the neighborhood of one year and that 
50 per cent of these patients will piobably be dead within six months Further, 
their period of gieatest usefulness is likely to be shortly after operation 
With these economic factors in mind, it does not seem justifiable to prolong 
hospitalization m the hope of locating the primary site, since curative therap) 
is out of the question This is fuither emphasized by the fact that sue 
studies levealed the primary focus in only one case of this series If genera 
physical examination and loentgenologic studies of the chest are negative, it ]S 
probably wiser to concentiate on an attempt to obtain a postmortem exanuna 
tion when death occuis 


990 



Volume 10S 
}>ismber 6 


METASTATIC CARCINOMA OF BRAIN 


SUMMARY AND CONCLUSIONS 

Fourteen cases of metastatic carcinoma of the bram are reviewed and 
analyzed in respect to operative results The period of symptomatic relief 
varied from zero to eight months , one-half of the patients weie able to lesume 
their usual activities The postoperative survival periods varied from three 
weeks to ii months, with an aveiage of five months plus The operative mor- 
tality was 7 per cent 

The probable primary sources of the neoplasms wete Breast, three, lung, 
two , colon, two , nasopharynx, two , prostate, one , thyroid, one , accessory 
nasal sinuses, one, stomach, one, and chorio-epithelioma ( ? ), one 

The distribution of patients m respect to sex was females nine, males five 
The average age was 48 1 with extremes of 31 and 63 

The metastases were located in the cerebrum in nine instances and the 
cerebellum m five One case had multiple cerebral metastases 

The period of hospitalization averaged 47 days with extremes of 14 and 
185 It is suggested that every attempt be made to shoiten this period because 
of the limited life expectancy 

The conclusion is drawn that operation is definitely indicated in patients 
with metastatic carcinoma of the bram if the metastases are apparently 
solitary 
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EPIDURAL SPINAL INFECTIONS * 

Ira Cohen, MD 
New York, N Y 

Dandy , 1 in 1926, collected 25 cases of epidural abscess from the literature, 
and added thiee cases of inflammatory tumois (one tuberculous) to seven 
previously repotted Five of these weie probably of syphilitic or tuberculous 
origin The laigest group of epidural abscesses personally observed, was 
published by Mixter and Smithwick,- in 1932, who reported 10 cases 
Browdei and Meyeis, 3 in 1937, leported on seven patients, five of whom had 
abscesses and two mflammatoiy tumois This article contains a very com- 
plete bibliography and a tabulation of 88 cases, which include both the acute 
abscesses and the gianulomata, and represents all cases recorded from 1855 
to 1937, indicating the comparative mfiequency of such infections In the 
present communication we wish to leport seven cases, five of acute epidural 
suppuration and two of granulomata Neither tubeiculous nor syphilitic in- 
fections are undei discussion 

Etiology — Theie may be some question of the advisability of considering 
the more or less clnomc granulomata with the acute abscesses They seem, 
howevei , to othei obsei vers and to me, to have a common etiology Infections 
of the epiduial space are considered to occur by dnect spread fiom contiguous 
structures or by metastasis from a distant focus When there is a direct in- 
vasion from a neighboring infected structuie, such as a vertebra 01 rib, the 
mechanism is leadily undei stood and is not debatable In the larger group, 
which is more important and more difficult to diagnose, the infection arises as 
a metastasis from a distant lesion, such as a fui uncle or an infection of a 
finger, which may have healed and been foi gotten befoie the onset of the 
spinal symptoms Many obsei veis have felt that in most instances the meta- 
static infection is to the epiduial spinal fat Browder and Meyers hold with 
some othei s that the hematogenous vanety most likely always metastasizes to 
the veitebra whence it spieads into the epidural space The evidence they 
present is veiy suggestive, especially the postmoitem findings of vertebral 
involvement As they conectly obsei ve, a small aiea of osteomyelitis might 
readily be overlooked at operation Whet e thei e is as extensive a bone lesion 
as is described by these authors, theie is every probability that the epidural 
space was involved secondarily It is, howevei, possible foi the veitebra to 
be invaded fiom without The micioscopic study of the bone lemoved in 
Case 4, suggested this spread , though it does not, of course, rule out an over- 
looked primary focus in a neighboring vertebia The stump of a lamina in 

Browder and Meyers’ Case 7 was probably secondarily invaded , 

*Read before the New York Surgical Society, October 26, 1938 Submitted for 
publication June 8, 1938 
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Pathology — Once involved, whether from a metastasis to the epidural fat 
or by spread from a vertebia, the lesion m the epidural space is made up of 
a vaiying amount of free pus and granulation tissue The pus may be large in 
amount and extend from the cei vical to the lumbar region, and thei e may be 
no granulation tissue On the othei hand, the granuloma may be the only 
evidence of a chiomc infection There may or may not be droplets of pus 
in it, 01 the combination of considerable granulation tissue and a large amount 
of fiee pus may exist The inflammatory tumors, chiomc granulomata, are 
found beneath the site of a pievious skm infection or of trauma to the back 
YVheie theie is free pus only, the dui a is leddened though it pieserves very 
often its noimal lustei Wheie gi anulations exist they are attached to the 
dura, on its dorsal and lateral aspects In the acute cases this attachment is 
not as intimate as is found m the granulomata where shaip dissection is nec- 
essaiy to fiee the dui a The fact that theie is an actual space between the 
vertebra and the dui a doi sally, allows the pus to spiead upward and down- 
waid, while the dura itself acts as an effective barrier to the invasion of the 
subaiachnoid space On the anterior aspect, howevei, as other obseivers have 
pointed out, the dm a is intimately attached to the postenor bodies of the 
vertebra A large exti adural collection of pus is not encountei ed and pei foi a- 
tion into the subarachnoid space is moie fiequent 

The senousness of the disease is the damage done to the spinal cord In 
the few cases where careful histologic studies of the cord have been repoited 
(Ayei and Viets, 4 and Hassin 3 ), the changes noted have been out of piopor- 
tion to the pressuie of the abscess There have been noted areas of rarefac- 
tion, vacuoles, destiuction of fiber tracts and cells Elsbeig 6 explains the 
findings on the basis of local intei feience with the circulation of blood m the 
cord Browder and Meyers state, m Case 3, “Many blood vessels of the cord 
were thiombosed, being filled with septic thrombi ” 

Symptoms — In the acute cases the history given by the patients is very 
unifoim and the couise of the disease varies but little and that only m its 
time elements The onset is marked by pam in the back The site of the 
pain varies with the location of the lesion If in the raie instance of a 
piocess m the cei vical legion, the pam will be m the back of the neck, radiat- 
ing up to the occiput and down into the aims, if low 111 the thoracolumbar 
spine the pain will be low 111 the back with eaily ladiation down the legs The 
most frequent site is in the mterscapular legion, or a little lower, with radia- 
tion aiound to the antenoi pait of the chest or upper abdomen The pain 
should not be refened to just as pam and passed over, it is probably one of 
the most exciuciating pains m the back that a patient can have It is moie 
01 less constantly piesent and seemingly ever increasing m severity It is 
not leheved by the lecumbent postuie In fact, many of these patients can- 
not he down Moiphme haidly seems to conti ol the agony 

Duiing this penod the tempeiatuie is usually elevated, but its degree 
varies considerably It may reach 103° to 104° F or not go above 
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100° to 101° F In fiom a few days to about two weeks, neurologic signs 
make then appeal ance While the most fiequent eaily complaint is tingling 
oi numbness in the legs, weakness m the legs oi bladdei disturbances may be 
the fiist sign The lapidity with which the paialysis pi ogresses varies It 
may go on to a complete flaccid paiaplegia within a few hours (almost min- 
utes) aftei the onset, or it may take several days to reach this stage During 
this time theie will be a weakness giadually increasing in one leg, then in- 
volvement of the other In fact, patients have been reported with a flaccid 
paralysis of one leg and a spastic patesis of the othei In a very few cases 
the motoi changes may be limited to a foot drop, to a weakness of one leg or 
to spastic paiesis of both legs But the mle is for a rapid progiession to the 
stage of flaccid paiaplegia 

An analysis of the time of onset of the neui ologic signs from the beginning 
of pain m the back was possible in 49 reported cases of metastatic abscesses 
In 14 cases the intei val was five days or less, in 19 cases the first neurologic 
sign appealed between the sixth and tenth day, in 10 cases between the 
eleventh and fifteenth day, and in six cases it was ovei 15 days The very 
shoit intei val in some cases indicates the primary invasion of the epidural 
space and prompt intei ference with the vascular supply of the cord 

The sensory findings aie not as constant as the motor, though most often 
there will be found loss of all sensation below the level There are, however, 
cases in which the motoi signs aie much more maiked than the sensory At 
tunes the sensoiy level will be found to extend upward from day to day 
Early loss of sphmcteuc control is common Tenderness over the spine at 
the site of the lesion is a constant finding 

Two additional obseivations are of help in arriving at a diagnosis The 
white blood count is elevated, with an increase in the polymorphonuclear 
cells Lumbai punctuie yields further information If a manometnc deter- 
mination is made, theie will be block on jugular compression The fluid is 
often xanthochromic, though it may be clear The total protein content is 
high and theie may be, though not necessarily so, a pleocytosis 

Moie than a woid ofTaution is needed in advocating lumbar puncture 
Regal dless of the site of ongin in the canal of the infection, many patients 
will have pus in the epidural lumbar space because of a gravity abscess This 
was encounteied in tluee of the five patients in the piesent series There 
exists, then, the obvious danger of traversing the layei of pus and infecting 
the subarachnoid space, initiating a meningitis If the diagnosis be suspected, 
the stilet should be removed fiom the needle after the skin has been traversed 
In this way pus would be obtained before the dura is reached 

In the granulomata the evolution is less lapid and more closely resembles 
that of cord compression from a tumoi The pain, while iess than in the 
abscess cases, is much more seveie than that seen in spinal cord tumors ex 
cept some of the giant tumoi s of the cauda equina 
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Case Reports 

Case i— Barneit Hospital, Paterson, N J , No 31274 P F, male, age 16, was 
admitted to hospital August 24, 1930 On August 18, 1930, a superficial abscess had 
been incised over the knee Twenty-four hours later he developed pam in the lower 
abdomen and chest Two days later the neck became painful and was held rigidly The 
temperature on admission was 104 2 0 F The neck was rigid and a positive Kermg 
sign was noted W B C , 42,000 , polymorphonuclears, 90 per cent The spinal fluid con- 
tained one cell and what appeared to be Cocci Though the culture was negative, anti- 
meningococcus serum was given Culture of fluid, obtained the following day, was also 
negative On August 26, no fluid was obtained on two attempts The following day a 
few drops of pus were obtained from the lumen of the needle introduced into the lumbar 
region and clear fluid with 17 cells from the cisterna There was weakness of the legs, 
tenderness and fulness over the upper thoracic spine, and roentgenologic evidence of bone 
destruction of the arch of the fourth thoracic spine Laminectomy revealed an abscess in 
the soft parts, disease of the fourth spinal arch and free pus m the epidural space The 
culture yielded Staphylococcus aw eus The patient did not improve following this drain- 
age He was unable to void, though no new neurologic signs appeared On September 3, 
drainage of the lumbar epidural space was instituted by laminectomy A blood culture, on 
September 5, yielded Staphylococcus aw cus in pure culture The patient died on Septem- 
ber 7, 1930 

This type of epidural abscess was secondary to an osteomyelitis of the 
vertebra, but was only part of a pictuie of a genet al sepsis In the light of 
furthei experience the necessity of the second laminectomy is questionable, 
although when it was earned out consideiable unchained pus was obseived 
in the lumbar epidural space 

Case 2 * — Mount Sinai Hospital No 348583 G L , male, age 6 months, was ad- 
mitted to the Pediatric Service, February x, 1933, because of fever for six days The 
temperature range was from 99° to 103° F On the day of admission rigidity of the 
neck was noted This and a questionable injection of the pharynx were the only ab- 
normal physical findings at the time of admission A lumbar tap the following day yielded 
xanthochromic fluid which contained 150 cells W B C, 15,200, polymorphonuclears, 
46 per cent Three days later the spinal tap was repeated At this time only a few drops 
of xanthochromic fluid were obtained which showed 160 cells, of which 70 per cent were 
polymorphonuclear in type On the eighth day after admission, a flaccid paralysis of 
both upper extremities appeared Two days later, a spastic paralysis of the lower ex- 
tremities occurred About this time, a swelling was noted to the right of the lumbar 
vertebrae (neurosurgical consultation was requested) Pus was obtained from the epi- 
dural region in the third lumbar space, and pressure over the swelling increased the flow 
fioni the puncture needle It was felt that this pus represented a gravity abscess from 
a lesion originating in the cervical region However, 1 oentgenologic examination of the 
cervical spine disclosed no abnormality An immediate operation was undertaken 

Opetahon — The pus m the lumbar musculature was found to communicate with the 
epidural space in the region of the second lumbar vertebra The spines and laminae of 
lumbar II and III were removed and pus was seen m the epidural space pouring down 
from above A long drainage tube (subsequently shown roentgenologically, to reach the 
first thoracic vertebra) was inserted epidurally and the wound packed, wide open A cul- 
ture of the pus was reported to contain an hemolytic Streptococcus Improvement in 
motor power began six ho urs after operation and continued until there was normal power 

* This case was reported by L W Rauh 111 the Journal of the Mount Sinai Hospital, 
I » 13. 1934 
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in all extremities Lipiodol was injected into the tube to determine, if possible, the site 
of the cervical lesion It 1 eached the sei enth cervical vertebra, but nothing abnormal was 
seen here The drainage tube was removed six days after the operation The boy was 
seen three and one-half years later and appeared normal 

The origin of this epiduial abscess was nevei detei mined All we know 
is that it piobably aiose m the cervical and extended to the lumbar region 
The surgical piocedurd, while unoithodox, that is, diainage in the lumbar 
legion, seemed to us to be following the path natuie pointed out In any 
event, in this instance it was satisfactoiy The finding of an hemolytic 
Stieptococcus is somewhat unusual, the majority of such abscesses aie due 
to a Staphylococcus 

The ceivical region is least often involved Of 50 collected cases of 
metastatic abscess, only four weie in this region 

Case 3 — Mount Smai Hospital No 390090 R M , female, age 15, was admitted to the 
hospital, because of a paraplegia of one day’s duration, with an antecedent history of boils 
of the face and a more recent history of severe back pain A complete transverse lesion 
at the tenth thoracic segment was found Laminectomy disclosed an epidural spinal 
abscess No return of function 

During the month pnor to the onset of her present illness, she had had many boils 
of the face Two weeks before admission she began to have pain m the lower part of the 
back At first, she continued at school, but the pain kept increasing in severity so that 
finally she was unable to lie 111 bed and found most comfort in the standing position 
The morning prior to admission there was a rapid onset of paraplegia and loss of ability 
to void Fever had not been noted, and at the time of admission the temperature was 
996° F Examination showed a flaccid paraplegia with loss of all sensation and reflexes 
below the tenth thoracic segment W B C , 20,000 , polymorphonuclears, 80 per cent A 
spinal tap yielded faintly xanthochromic fluid containing 37 leukocytes , a total protein of 
135 mg P er cent, and complete block on manometric determination A laminectomy was 
undertaken within an houi after admission The spines and laminae of thoracic VI and X 
were removed A thick layer of granulation tissue covered the posterior dura, in addition 
there were about 10 cc of free, thick pus, from which a Staphylococcus amcus was cul- 
tured The patient was discharged 63 days postoperative, without any return of function 

Case 4 — Mount Sinai Hospital No 398729 G K , male, age 23, was admitted to 
the hospital, because of pain in the back and fever for three days Under observation, 
meningeal signs appeared Laminectomy revealed an epidural abscess 111 the lower thoracic 
region Recovery 

As a boy this patient had suffered with osteomyelitis of many of the long bones and 
had had an osteoarthritis of the hip He had been well, however, for eight years, until 
two months prior to his piesent illness, when he began to suffer with furuncles over the 
body Some of these, as well as recent scars, were present when he entered the hospital 
Three days prior to his admission he began to complain of pain in the lower back, which 
increased in severity and was associated with fever A severe headache developed three 
houis before admission, at which time he had a temperature of 102° F There was 
derness over the twelfth thoracic spine as well as in the left costovertebral angle 
neck was held rigid, a bilateral Kermg sign was present, and a zone of hyperestliesia 
was noted over the eleventh and twelfth thoracic dermatones W B C, 16,900, 
cent polymorphonuclear cells On admission two diagnoses were considered— a P e ^ 
nephnc abscess and an osteomyelitis of the spine The following morning the si B ns 
mained unchanged A lumbar tap was considered inadvisable, therefore a cisterna ^ 
was performed, which yielded cloudy fluid containing 2,000 cells with 60 per cen 
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morphonucleai leukocytes, but no organisms on spread and subsequent culture An 
immediate laminectomy from thoracic XI to lumbar I was carried out This disclosed pus 
overlying the dura with little granulation tissue 1 he operative exposure seemed to reach 
the limits of the infection The wound was packed wide open Although the meningeal 
signs persisted a few days, convalescence was smooth for three weeks, when signs of an 
abscess in the soft parts of the thigh appeared This was opened a week later, and the 
patient went on to a complete recovery The pus from the epidural space showed Staph- 
ylococcus on culture 

Pathologic Examination — Dr Paul Klemperer Specimen Bone removed at the time 
of the laminectomy “There is a very severe, acute purulent inflammation with actual 
abscess formation on the surface of the endosteal fascia of some of the particles One 
can see a purulent inflammatory reaction within the haversian channels Within the bone 
marrow one can also see in places very conspicuous purulent inflammation and an in- 
crease of polymorphonuclear leukocytes is notable throughout However, there is no 
evident bone destruction in the interior of the particles 

“In view of the fact that there is actual abscess formation on the surface, one can 
hardly understand that the bone would not be severely destroyed, in at least some areas, 
if this surface reaction would be an extension of the process from the bone to the surface 
For this reason I feel certain that one must conclude that the osteomyelitis is secondary 
to the inflammation on the surface ” 

In this instance, we weie fortunate to have a very early case, before the 
onset of any neurologic signs other than meningeal irritation He was oper- 
ated upon 16 houis after he entered the hospital, just four days from the 
onset of the back pam This is the eaihest diagnosis and operation that we 
have found lecorded The case lepoited by Slaughter, Fremont- Smith and 
Mumo 7 was opeiated upon five days after the onset, after 66 houis of 
observation 

Case s — Mount Sinai Hospital No 401224 S P , male, age 26, was admitted to 
the hospital with an 11-day history of back pam and a one-day history of weakness of 
the legs Immediate laminectomy was performed for drainage of an epidural spinal 
abscess Spread of the infection to the anterior mediastinum which was drained one 
month later Death 

Three weeks before the onset of pain m the back an infected finger had been incised 
The back pain was noted on arising one morning, 11 days before admission to the hospital 
The day before admission there was loss of power m the legs and inability to void During 
this period he claimed to have been afebrile, on coming to the hospital his temperature 
was only 99 4 0 F He looked sick There was percussion tenderness over the fourth to 
sixth thoracic spines Very slight power remained at the hips and the left knee There 
was a sensory level at the seventh thoracic segment below which sensation was dimin- 
ished The deep reflexes were still present in the legs and a Babinski sign was found 
on the right The neck was slightly rigid and a bilateral Kermg was noted 

A lumbar puncture was carefully performed, the stilet being withdrawn before the 
dura was penetrated Slightly xanthochromic fluid was obtained which showed a com- 
plete block to jugular compression There were 30 cells, and the total protein was 90 
mg per cent 

Laminectomy of thoracic IV, V, and VI disclosed a large amount of free pus, under 
pressure, in the epidural space The dura was covered with a thick lajer of granulation 
tissue The wound was packed wide open The pus showed Staphylococcus albus on 
culture 

During the next few days power began to return 111 the legs, and sensation improved 
Ten da>s after operation the temperature began to rise At first no cause could be found 

997 



IRA COHEN 


Annals of Surgery 
December 1 9 i s 


Later retention of pus was noted in the wound At a second operation this was found 
to come from beneath a rib and subsequent roentgenologic examinations showed a pre- 
vertebral abscess This was drained on the Thoracic Service, but the patient succumbed 
five days later Postmortem examination revealed multiple pulmonary abscesses and 
bronchopneumonia 

Cases 6 and J illustrate types of inflammatory tumors or chronic 
gi anulomata 

Case 6 — Beth David Hospital No 30-1972 J K , male, age 65, was admitted to 
the hospital August 26, 1930, with the history of having been in an automobile accident 
in February, 1930 The patient had no recollection of a direct blow to the spine though 
he recalled having been badly shaken up Four months later, he began to complain of pain 
in the lower back, which was intensified on coughing or sneezing For six weeks before 
his admission, he had noted weakness of the legs, which increased so that he was con- 
fined to bed For four weeks he had difficulty 111 voiding When first seen in consulta- 
tion, September 12, 1930, he had almost complete paraplegia with spontaneous flexion 
contractions The deep reflexes in the legs were increased and a bilateral Babinski re- 
sponse could be obtained The sensory level was about the tenth thoracic segment The 
thoracic vertebrae, VIII and IX, were sensitive to pressure Lumbar puncture demon- 
strated a complete block 

Operation — Septembei 13, 1930 Laminectomy disclosed, beneath the thoracic ver- 
tebrae VIII and IX, a dense mass of tissue encircling the dura on its dorsal and lateral 
aspects This could not be separated from the dura bluntly It was split in the midline 
and parts removed by sharp dissection The pathologic report of the excised mass, veri- 
fied by Dr Joseph H Globus, was chronic granuloma There was considerable post- 
operative improvement, so that the patient was able to get around and he could control 
his sphincter 

The appeal ance on the operating table was that of an extiadural sar- 
coma , however, it was moi e dense and adhei ent than is usually the case in 
that type of tumor The veiy cleai-cut traumatic history must be considered 
as a possible etiologic factoi even in the absence of evidence or histoiy of a 
dnect blow 

Case 7 — Mount Smai Hospital No 409313 S W , male, age 44, was readmitted 
to the general surgical service, thiee and one-half months after he had been discharged 
following an operation for a carbuncle of the neck The infecting organism was a 
Staphylococcus aniens He had a mild diabetes, which could be readily controlled by 
dietary regimen Shortly after he left the hospital he began to complain of pain 111 the 
back of the neck which radiated up to the occiput Flexion and lateral motion of the 
head and neck were limited by pain About two weeks before his readmission the pam 
had become aggravated 

On examination, it was noted that flexion of the neck caused shock-like pains m the 
legs The power in the right arm was diminished The deep reflexes in the lower ex- 
tremities were increased, the right more than the left, and a Babinski response was 
obtained on the right Tenderness was present over the spine of cervical two and three, 
and an indefinite sensory level seemed to be present at the second cervical segment The 
following day the weakness of the right arm had increased Some weakness appeare 
in the left arm, and there was retention of urine A lumbar puncture showed a oc , 

and the fluid contained 104 mg of total protein W B C , i3,5°° > 86 per cent p > 

morphonuclear cells tnmv 

A preoperative diagnosis of granuloma was made, which was verified by amin 
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The mass lay on the dorsal and lateral aspects of the dura beneath the cervical vertebrae 
I II and III, and was rather readily peeled off the dura A lumbar tap, performed nine 
days after operation, demonstrated that there was no longer any block 

Pathologic Examination — Dr Paul Klemperer “Sections of the material submitted 
show dense, almost hyaline, connective tissue, one fragment showing an area of calcifi- 
cation The veins and capillaries are engorged with blood There is perivascular infil- 
tration with lymphocytes and occasional polymorphonuclear leukocytes and plasma cells 
extending here and there into the adjacent connective tissue Connective tissue fragments 
showing chronic inflammation No evidence of phlebitis ” 

Diagnosis — At the onset, in the acute abscess cases, the pam m the back, 
the initiating symptom, will give no lead as to the actual condition Such a 
pain, associated with a mild or even a high temperature, can be, of coutse, 
due to any one of a nurnbei of conditions As the pain continues, however, 
with ever-increasing seventy, a suspicion as to the possible undei lying pathol- 
ogy will be aroused If the histoiy of antecedent infection is obtained, and 
the pam is as low as the lumbar region, associated with some tenderness 
ovei the muscles in that legion, a peimephnc abscess may be suspected, as it 
was m Case 4 With the advent of paresis, poliomyelitis will be thought of 
In this condition, howevei, one does not find sensoiy changes After the 
advent of the paralysis, a spinal coid tumoi will be considered The finding 
of xanthochromic fluid and block may furthei suggest this diagnosis How- 
ever, increased tempeiatuie, if present, the leukocytosis, and the lapidity of 
the progression of the motor signs speak against the usual spinal cord neo- 
plasm If, as is often found, the paraplegia is a flaccid one, we have additional 
evidence While a similarly lapid progression, associated with a flaccid para- 
plegia, is sometimes seen in spinal cord tumors, they will usually be found to 
be the lesult of a metastasis The age-gioup m most cases of acute epiduial 
spinal abscess is against this possibility 

In the chiomc granulomata a history of an ovei lying infection may sug- 
gest the pathology of the lesion, as it did m Case 7 While a history of a 
duect tiauma would bring up the same question, in most instances the diag- 
nosis of spinal cord tumoi will be made and the pathology will be disclosed 
only at operation 

Treatment — Theie is only one tieatment for acute, epiduial spinal ab- 
scess — prompt opeiation A laminectomy, to provide adequate diamage of 
the infected focus, should be perfoimed, and the wound left wide open In 
most cases the removal of the arches from two or thiee veitebrae will be 
sufficient In 1 are instances a more extensive procedm e, 01 a second laminec- 
tomy m the lumbar region, may prove necessaiy In Case 2, lumbar drainage 
was adequate 111 caring for a cervical lesion In the chronic granulomata the 
indications and treatment aie those of spinal coid tumor 

Prognosis — As far as can be determined fiom reported cases, no instance 
of epiduial spinal abscess has lived unless operated upon The outcome of 
operation can be considered from two aspects, one, as to life, the other, as 
to letum of function If the sepsis continues actively, so that the mtraspmal 
abscess is only a part of the pictuie, the piognosis is that of the sepsis This 
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was surely the condition in Case I and piobably m Case 5 Another pos- 
sibility, also shown in Case 5, is the spiead of the infection, even though it 
was consideied adequately drained at the time of the pi unary operation A 
thud factor leading to a fatal issue is that found in all cases of complete trans- 
veise lesions of the coid I lefei to the lespnatoiy and urinary tract infec- 
tions and spieadmg decubitus 

Meningitis, as a complication, is lelatively laie when the dorsal epiduial 
space is involved The duia offers a real barnei to the spiead of the infec- 
tion to the subaiachnoid space In the rare instances, where the lesion is 
antenoily placed, meningitis seems to be moie frequent 

Functional leturn will depend on the extent of the damage to the spinal 
coid befoie treatment is instituted In the face of a flaccid paraplegia, such 
as was seen m Case 3, no impiovement can be expected If, fortunately, the 
diagnosis is made eaily, as in Case 4, the functional result will be perfect In 
between these two exti ernes theie aie any numbei of giadations 

SUMMARY 

The lelationship of acute, metastatic epiduial abscess and chionic granu- 
lomata of the epidural space is discussed 

Five cases of abscess and two of granuloma aie lecoided Their symp- 
tomatology and diagnosis aie discussed The need of piompt recognition and 
adequate suigical tieatment, especially in the abscess cases, is emphasized 
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SOME CONTRAINDICATIONS TO SPINOCAJNE ANESTHESIA. 
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Neurologic complications following spinal anesthesia have been reported 
fiequently It is the purpose of this communication to review some of the 
liteiature, lepoit foui cases, and consider the pathology of toxic myelopathy 

The use of spinal anesthesia has become widespread except m instances 
of severe myocardia disease, hypertension, maiked hypotension, and psycho- 
neuioses The following exceptions to the employment of spmocame should 
be added Congenital anomalies m general, particularly those of the central 
nervous system, and diseases of that system , congenital anomalies and diseases 
of the cn dilatory system, such as tendency to, or piesence of, vancosities, 
endarteritis 01 phlebitis , and congenital anomalies and diseases of the skm and 
epidermal appendages, such as pilonidal cyst (Case 2), with which spma bifida 
occulta is often associated These exceptions are made to direct attention 
to conditions which aie mheient and are early evident, those which may 
appear late, and those which may be early acquired These include affections of 
neuial stiuctures, and distui bailees of the cn culation of those structures A 
diminished vascular efficiency would not favor immediate, and possibly even 
delayed, restitution of function of a spinal cord bathed by toxic cocaine 
dei lvatives 

Stovaine 1 (amylococame hydrochlonde) injected into the subarachnoid 
space of dogs and apes causes degeneration of the roots and periphery of the 
coid, and letiogiade changes m the anterior horn cells The spinal anesthe- 
tics- commonly employed (nupercame, spmocame, gravocame and seurocame, 
which contain procaine as their chief constituent) have been shown to be both 
myelolytic and hemolytic When injected into dogs they produce an aseptic 
meningeal reaction with an exudation of plasma cells and a prolif eiation of 
aiachnoidal cells, which later results in a thickening of the meninges, disin- 
tegration of axones and degeneiation of the penpheial portion of the cord 
Somewhat similar changes have been demonstrated 3 in the spinal cords and 
ueive roots of patients dying following spinal anesthesia (procaine hydro- 
chloride) 

Following the subaiachnoid injection of 5 per cent procaine hydrochloride 
into labbits, 1 the leveisible reaction was followed for 24 hours At two hours 

* Approved for publication by The Surgeon General, United States Public Health 
btruce Submitted for publication November 10, 1937 
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theie weie chi omatolysis and swelling of the cells, with scarcely any normal 
cells m the antenoi hoi ns At six houis theie was much improvement and 
at 24 houis the cells weie 1101 mal again Unfoitunately this does not always 
occui , 1101 is it known why , except that the conditions mentioned above might 
be considered as piedisposing to such complications 

In addition to the effects of the anesthetic, an enoi in technic might be a 
factor When the spinal needle is insetted, it is impoitant that fuither piog- 
less of the needle be attested just aftei it has passed thiough the dui a 
Pushing the needle fuither may tiaumatize the closely matted neives of the 
cauda equina and the vessels of these neives An admixtuie of blood may 
change the piopeities of the injected anesthetic and lead to a reactive fibiosis 
111 the form of leptomeningeal adhesions Still fuithei progiess of the needle 
will bung it to the antenoi wall of the spinal canal which often contains a 
laige emissary vein fiom the body of the veitebia The impact of the needle 
against the bone, and the pam of which the patient complains, indicate that 
the needle has leached that point A sharp shooting pam down one leg 01 a 
sudden flexion of that leg would indicate that one of the neives of the cauda 
equina had been liritated Conseivatism might dictate that the mishaps men- 
tioned be consideied as contraindications to continuing with the spinocaine 
anesthesia 

As an anesthetic, spinal has about the same immediate moitahty, and 
death rate fiom postopeiative pneumonia, as has ethei, but is supenor to it 
in that it pioduces gieatei muscular lelaxation and does not have the ill- 
effects which follow ethei 

Foss and Schwalm 5 have repoited 3,000 cases of spinal anesthesia (pio- 
caine hydiochlonde) without a single neuiologic complication Others 0 have 
lepoited peicentages of 001 (peicaine mainly, as well as stovaine and spino- 
caine and otheis) to o 5 (compilation of 2,074 cases in which spinocaine, neo- 
caine and novocaine weie used) 7 Almost any part of the central neivous 
system may be affected, with the involvement remaining permanent 01 caus- 
ing a fatality Hyslop 7 divided the neural complications into tlnee types 
(1) Local or neighboi hood, such as lesions of the cauda equina, (2) distant 
focal, such as cianial neive palsies, (3) geneial, such as aseptic meningitis 


01 menmgo-encephalitis 

Block 8 reported seven cases with a pathologic study of one Case 1 (p ro ‘ 
came prepaiation) was an acute, benign, lymphocytic meningitis with a high 
spinal fluid sugai , Case 2 (nupercame) a seveie meningitis characterized by 
polynucleosis and disappearance of sugai from the spinal fluid, Case 3 (P r0 ~ 
came pieparation) an almost fatal polio-encephalitis with residua 19 months 
latei , Case 4 (piocame pieparation) a severe radiculitis involving the aiea 
of the gioin, scrotum and testicles and appearing three weeks after the anes 
thetic, Case 5 (nupercame) seveie cauda equina neuritis 24 hours aftei a 
second spinal, the fiist one having been given 37 days previously, Case 
(type of spinal anesthetic not stated) a cauda equina neuritis with mild cor 
involvement which 111 the next 29 months developed into a fatal tiansverse 
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myelitis and radiculitis Immediately on injecting the spinal anesthetic the 
patient suffeied such seveie pain ladiatmg down the legs that a general anes- 
thesia had to be employed m ordei to complete the opeiation Case 7 (nupei- 
caine) developed a toxic myelopathy with the symptoms of spinal shock and 
a fatal issue in three months Examination of the spinal cord in this case 
revealed extensive destiuction of the myelin sheaths, axis cylinders and glia, 
mostly at the periphery of the cord and at the entrance zones of the posterior 
mots The ganglion cells of the anterior and Jateial hoi ns were also slightly 
involved Davison and Keschnei, 0 111 their study of toxic myelopathy (toxins 
from bodily infections), noted that the periphery of the coid, being closest 
to the toxic substance, was more involved than the cential paits, and that 
there was a lack of glial response, which is consistent with a disease of shoit 
duration Davison and Keschnei 10 11 12 13,14 have clarified the problem of 
spinal cord disease and emphasized the extreme ranty of true myelitis of 
infectious origin They piefened to call all other cord affections myelopathies 
due to toxins or circulatory interference 

It was Block’s 8 belief that all the neural complications could not be ex- 
plained on the chemotoxic effect of cocaine denvatives, but assumed that 
there must be a tissue sensitivity In Case 4 thei e was a long mtei val between 
the anesthesia and the onset of symptoms, and m Case 6 a cauda equina 
neuntis and a mild coid involvement piogressed to a fatal transverse myelitis 
“One is led to assume that an original chemotoxic effect pei nutted other fac- 
tors (virus ? ) to operate on a neural tissue devitalized by the anesthetic ” A 
polyneucleosis with a disappearance of sugar m one spinal fluid and a lym- 
phocytosis in the other strongly suggests the presence of a virus m one ot 
them 


CASE REPORTS 

Case 1 — -A male, age 21, was admitted to the hospital July 4, 1932 A pilonidal 
cyst was removed without sequelae , 1 3 cc of spinocaine was used A recurrence was 
excised, in July, 1934, under spinocaine anesthesia, 1 5 cc being used In January, 1935, 
a second recurrence was removed under 1 5 cc of spinocaine The diagnosis was in- 
fected dermoid cyst containing a nest of hair Varicose veins, which had appeared in 
both lower limbs since his second admission, were successfully injected In April, 1935, 
a third recurrence, containing sebum and hair, was excised under 1 5 cc of spinocaine 
The cyst never extended deeper than the fascia over the coccyx 

Immediately following the last operation, he complained of numbness of the right 
lower quadrant of the abdomen, perineum, penis, the right buttock, thigh and the whole 
right leg, flaccid paralysis of the right leg, urinary retention and bowel incontinence 
At first he required catheterization but later could evacuate the bladder by suprapubic 
pressure Bowel incontinence or constipation remained He had no control over enemata 
On discharge, two and one-half months after the last operation, his bowel and bladder 
control had not improved His leg, however, had begun to recover function, though it 
was still numb and stiff 

He had his fifth admission October 13, 1936, because of bowel and bladder difficulty 
It had required five months before he could walk upstairs and the same period before 
sufficient anal sphincteric tone developed to prevent fecal incontinence It took him 30 
to 45 minutes to expel a two quart enema In October, 1935, his older brother, age 29, 
had a pilonidal cyst successfully removed under ether anesthesia 
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Physical Examination —Showed well healed wound at site of pilonidal cyst re- 
moval , right testicle atrophic , no sensation to firm pressure or rubbing in any part 
of the rectum reached by the inserted finger , mucosa above internal sphincter redundant 
and relaxed, moderate mucosal prolapse on straining in the squatting position, a few 
small external rectal tags, internal sphincter tone fair, external sphincter tone poor 
Over the left lumbar area, arranged like the petals of a sunflower, were cafe-au-lait spots 
covering an aiea the size of a man’s hand The old, rather prominent injected vari- 
cosities could be seen and felt on the left knee and the right calf 

Neui ologic Examination —Patient right-handed, walked slightly favoring the right 
leg, on which balancing was fair as compared to the left, gluteal reflex fair on the 
left, poor on the right, absent right knee jerk, ankle jerk and senutendmosus reflex, 
slight paresis of all flexors and extensors in the right leg as compared to the left, with 
tonus and mass of the right buttock much diminished, anesthesia, thermanesthesia and 
analgesia from the third to the fifth sacial segments on the right Cranial nerves negative 
Laboiatoiy Data — Urine negative Blood and spinal fluid Wassermann negative 
Spinal fluid and manometric readings normal Roentgenologic examination of the lumbo- 
sacral spine showed no evidence of any abnormality of the spine The right sacro-iliac 
joint showed moderately increased density due to a raid osteo-arthritis There was no 
evidence of spina bifida occulta 

Cystometi ogi am — Revealed a bladder of normal capacity' but slightly increased 
irritability, a tendency to develop desire to void, and pain at low normal pressure and 
capacity, with very rapid response to pilocarpine causing early desire to void and pain 
mainly on volitional bladder evacuation The bladder had been previously infected 

Subsequent Couise — Various parasympathicomimetic drugs were used for thera- 
peutic and diagnostic reasons as well as combinations of these with laxatives and pituitnn 
The most favorable combination consisted of 4 cc of fluid extract of cascara sagrada 
and 8 cc of mineral oil at 9 00 p m , and after breakfast, at 8 00 a m , V2 cc of surgical 
pituitnn subcutaneously Within five minutes he had a complete and satisfactory bowel 
and bladder evacuation At 10 00 a 11 , and 3 00 A M , he took orally 1/16 gr of pilo- 
carpine and had two complete bladder evacuations 

Second Cystometi ogi am — February 3, 1937 Revealed a less irritable bladder, with 
desire to void and pain at the average normal pressures, and an ability to develop mtra- 
cystic pressure on straining to void with help of the abdominal muscles, almost twice 
what it had been before This indicated a definite increase in control over the voluntary 
muscle and an even more marked and rapid response to pilocarpine greater than normal 
Neui ologic Examination — February 4, 1937 Still gets cramps in the posterior 
muscle group of the right leg on exertion Absent right knee jerk and semitendinosus 
reflex with return of ankle jerk Left upper extremity reflexes more active than lower, 
with left abdominals more active than the right Both cremasterics absent Right but- 
tock still flabbier than the left but firmer than previously The weakness 111 the right 
leg was limited to flexion at the knee Slight hypalgesia in the third and fourth sacral 
segments with a patch in the fourth lumbar segment Much more and diffuse pressure 
sensation in the lower bowel except m the midline posteriorly under the operative scar 
Mucosa not as redundant as previously Clinical Diagnosis — Toxic myelopathy (spmo 
came) 

Comment — The lecuirence of a pilonidal cyst is not uncommon ^ IC 
successful administiation of spinocame anesthesia three times would liar y 
seem to laise a question about a fouith except that recuuently subjecting 
the spinal coid to a toxic substance might ment consideiation, especially when 
the fourth was relatively soon aftei the third, namely, four months It is 
known, however, that piocaine hydiochlonde spinal anesthesia has been a ^ 
nnmsteied five tunes in 38 hours, 13 and spinocame 14 times m 17 mentis 
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without injuimg the spinal coid The development of vaiicose veins between 
the second and thud admissions and the finding foi the first time of hair m 
the pilonidal cyst indicated the development of latent anomalies, one quite 
close to the end of the spinal cord and both possibly reflected in the coverings 
or substance of that stiuctuie The finding of hau and sebum m the cyst the 
foui th time fuithei affiims the piogressive development of ectodeimal dys- 
plasias Vancosities may be due to an mheient defect m the vessel walls and 
when they aie associated with vancosities of the spinal cord, the vasculai 
efficiency of that stiuctuie is impaned 

The cafe-au-lait spot had not changed but had always been piesent as an 
evidence of anothei ectodeimal dysplasia The occurrence of a pilonidal cyst 
in an oldei brothei is also of interest However, it indicates that an anomaly 
which may be familial, though not heieditaiy in this case, appeals eailier and 
is more developed in those bom latei This patient, ten yeais youngei than 
his oldei bi other, developed a pilonidal cyst at age 18 while it did not appeal 
until the lattei was age 29 

Whether the osteo-aithntis of the light sacio-iliac joint was piesent before 
the toxic myelopathy cannot be said, but it is unlikely The atiophic testicle 
was not It is possible that both these conditions aie the lesult of a disease 
of the ti opine centers for these stiuctuies in the spinal coid 01 at least foi 
testiculai mneivation The 11101 dinate bladder lesponse to pilocarpine with- 
out a compaiable geneial leaction is suggestive The lelaxation of the 
muscles and tendons about the light sacio-iliac joint could have exaggeiated 
the normal stresses and stiams to tiaumatic impoitance 

Case 2 — A male, age 39, was admitted to the hospital September 25, 1936, with the 
diagnosis of postoperative appendiceal hernia and right indirect inguinal hernia On 
January x, 1936, and again two months later, he had been operated upon for a ruptured 
appendix He had worked for two months m the interim 

Physical Examination on admission was negative, except that he was a very tense, 
apprehensive, overconscientious, and a somewhat suspicious individual 

Laboiatoiy Data — Urine, blood Wassermann and Kahn reactions negative 
Opei at we Piocedme — September 28, 1936 Both herniae were repaired Three cubic 
centimeters of spinocaine were employed Just before operation the patient’s blood pres- 
sure was 178/78 After operation, as on admission, it was 120/80 The next morning 
the patient could void but complained of excruciating shooting pains in the left hip and 
calf and to a less extent m the right calf On the third day he felt better but had 
tingling sensations m both legs On the fifth day he insisted his legs felt paralyzed 
although he seemed to move them normally On the fifteenth day he had developed 
pain and tenderness m the left heel On the twenty-second day he was up and about 
but complained of pain in the perineum, drawing sensation m the left groin, some dis- 
turbance in anal sphincteric control, and at times terrific pain deep under the operative 
wound, radiating through to the back Repeated urine examinations were negative 
N analogic Examination — October 26, 1936, 28 days postoperative The patient stated 
that if he walked upstairs too frequently he developed a spasm in the perineum No penile 
erection had been experienced since operation, and there was no spontaneous desire to 
void or defecate He had “no control about emptying the bowel,” and noted that if he 
took a deep breath” it would evacuate spontaneously 
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The patient walked very carefully, with his legs apart as if straddling a painful 
peuneum of which he actually complained Balancing poor on the left foot, tremor of 
the extended fingers, right more than left, which the patient stated had been present 
before operation, deep tendon reflexes were increased with the left biceps greater than 
the right, left knee jerk greater than the right, but right ankle jerk greater than the 
left, hypalgesia and thermhypesthesia from the third to the fifth sacral segments bilat- 
eially The external anal sphincter was weak and the internal sphincter gripped the 
finger poorly As far as the rectal examining finger could reach there was no sensation 
of pain and only on the left lateral wall was there a slight feeling of pressure to very firm 
palpitation by the inserted finger 

Cianial Naves— Right pupil greater than left, with both reacting well to light and 
accommodation, vision 20/15 in both eyes, both occular fundi were quite hyperennc, 
with all the vessels engorged, optic disk margin on the left was indistinct, suggesting 
pseudoneuritis The smaller arteries showed diffuse and irregular narrowing 

Cystomctiogiam — October 28, 1936 Normal bladder oscillations, first desire to 
void felt at 350 cc with pressure of 120 Mm of water, pain felt at 600 cc with pressure 
of 270 Mm , with straining could reach only 270 Mm , following the injection of pilo- 
carpine grains T A, with the bladder containing 350 cc , after 30 minutes, the pressure 
was only 180 Mm 

Spinal Punctate — November 3, 1936 Fluid clear and colorless, no increase of cells 
or globulin Initial pressure was 160 Mm of water, and the manometric readings were 
normal The patient insisted that many of his symptoms disappeared following this 
procedure and subsequently urged when they recurred that it be repeated 

Using parasympathiconnmetic drugs, the patient’s bladder and bowel control im- 
proved markedly, and on December 18, 1936, a cystoinetrogram revealed normal findings 

Neutologic Examination — December 18, 1936 The patient had been able to walk 
four or five miles daily Deep reflexes in left upper extremities were increased and 
right ankle jerk was greater than left, normal plantar responses Slight hypalgesia over 
the third and fourth sacral segments on the right, and over the upper end of the third 
sacral segment on the left 

The patient’s tenseness and anxiety had become less, but his hypochondriacal pre- 
occupation, with many bizarre variations of his initial complaints, became marked In 
spite of every reassurance that he had recovered, he refused to believe this, and had to 
be discharged against his wishes January 4, 1937 Clinical Inipicssion — Toxic myelopathy 
(spinocaine), and cauda equina neuropathy, psychasthenia 

Comment — A veiy neurotic male, age 39, with piematuie senility, had, 
aftei piolonged illness which had an additional unfavorable effect on lus al- 
leady hypochondi lacal attitude, a lepair of two herniae under spinocaine anes- 
thesia Subsequent to this he immediately complained of pain down his right 
leg and developed signs and symptoms of a cauda equina neuropathy, from 
which he lecoveied almost entnely as shown by neurologic examination and 
cystometiogiams Howevei, lus mental attitude became definitely worse It 
would seem that because of lus neurotic make-up, prematuie graying of his 
hail and early ceiebral vasculai changes, he was a poor risk foi the adminis- 
tration of spinocaine anesthesia The pool lecovery he made fiom the toxic 
effects of the diug, and the mental reaction that he exhibited, once this ha 

occuired, seemed to substantiate this 

The inadvisability of adnunistei mg spinocaine anesthesia to a patient w 10 
is very tense, anxious and agitated before an opeiation, as well as fearful 0 
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it, must be emphasized Thiee cases of postopeiative atelectasis and pneu- 
monia following spmocame anesthesia have been observed Panic on the part 
of these patients seemed to be a veiy impoitant factoi They hold themselves 
ngidly, not only because of mental pertuibation but also from feai of pam 
Then respirations are extremely shallow, resulting in a minimal movement 
of the diaphragm and little aeration of the lowei lobes of the lungs, with 
consequent poor blood oxygenation which piedisposes to atelectasis This 
occuis in cases where no peimanent injury lemams to the spinal cord These 
individuals also exhibit a piedilection foi hystencal conversion symptoms of 
a motor 01 sensoiy nature Affections of bowel, bladdei and potentia also 
occur All of these aie most disturbing not only medically but also fiom a 
forensic point of view 

Case 3 — A male, age 60, was admitted to the hospital December 2, 1936, because 
of external and internal hemorrhoids For 25 years he had been “extremely nervous” 

Physical Examination — A well developed well nourished white haired very tense 
male Blood pressure 120/80 Peripheral vessels moderately thickened, and tortuous 
Dorsalis pedis pulses present Internal and external hemorrhoids with dilation and 
tortuousity of hemorrhoidal veins 

Laboiatoiy Data — Urine and blood Wassermann negative Spinal fluid and mano- 
metric readings normal 

Opeiative Piocedinc — December 4, 1936 The hemorrhoids were injected with 8 cc 
of 5 per cent phenol in oil, under 60 mg of spinocaine anesthesia Immediately after 
operation he could move his legs but the left one had a “restless feeling ” The urinary 
stream was weak and the stools thin and unformed On the second day the right arm 
began to shake, and he had a shooting pam behind the right ear on turning to the left, 
the pam in his right index finger was so severe he could not close his fist 

Neiuologic Examination — December 12, 1936 The right arm hung limply at the 
side , on walking forward with his eyes closed, he wandered ataxically to the left , ataxic 
intention tremor bilaterally on finger to nose test , very slow in performing fine finger 
movements with the right hand, left dysdiadokokinesis , gross rest-tremor of the right 
upper arm which extended to the hand on attention, intention and excitement, right 
hyper-reflexia with all deep reflexes being generally increased , abdominal reflexes 
diminished, but the cremasteric reflexes very active, right grip weak, left lower leg 
deformed and somewhat atrophied due to an old fracture but with good power, vibra- 
tory sensation diminished in all toes, more so on the left 

Cranial Naves — Both pupils of almost pm point size, the left being slightly greater 
than the right Both reacted promptly, though to a very limited degree, to light and 
accommodation Smaller retinal arteries showed slight narrowing 

Following a spinal puncture, the tremor of the right upper arm disappeared 
temporarily 

Cystoscopic Examination — December 23, 1936 Right, left and middle lobes of pros- 
tate markedly enlarged Median bar markedly hypertrophied Marked trabeculation of 
the bladder wall Contracture of the bladder Re-examination, February 23, 1937, 
revealed that normal bowel and bladder function had been restored The right arm still 
swung slightly less than the left moderate fine tremor of the extended fingeis bilaterally, 
right more than left, reflexes all equally hyperactive, motor power good throughout 
except for old left leg weakness , no sensory disturbances , pupils unchanged He was 
discharged to duty March 4, 1937 

Clinical Diagnosis — Toxic myelopathy and radiculopathy (spinocaine) , generalized 
arteriosclerosis , psychasthema 
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Comment— The long histoiy of neivousness, the piesence of peupheial, 
cerebral and veiy likely spinal cord vasculai scleiosis, varicosities of hemoi- 
lhoidal veins and pupillaiy anomalies suggesting cential neivous system in- 
volvement, seemed to have made this patient a poor candidate for spinoeaine 
anesthesia He developed signs and symptoms suggesting involvement of the 
spinal coid and ladiculai neives as well as paresis and tiemors of a func- 
tional natuie His lecoveiy was fairly lapid and almost complete although 
theie weie still some slight residua on dischaige 

Case 4 —A male, age 28, was admitted to the hospital September 25, 1932, because 
of right lower quadrant pain which had started 12 hours previously 

He was much wrought up, feeling that due to general mismanagement his life had 
been endangered He became even more convinced of this upon the unhappy progress 
of his case 

Physical Examination — Well developed, tall, athletic male who appeared acutely 
ill Blood piessure 110/68 Heart and lungs negative Righ lower quadrant tenderness 
and spasm 

Laboiatoiy Data — White blood count 12,800, P-7S, L-i 4, M-8 
Opciative Pi ocediti es — An appendicectomy was pei formed the day after admission 
During the spinoeaine anesthesia (24 cc ), there was much respirator} embarrassment 
and irregularity of the pulse Immediately after the operation the patient complained 
of pain and weakness in the left leg and pain in the right ankle He also began to vomit 
This continued, in addition to having attacks of tachycardia with a pulse of 180 and 
no comparable temperature rise On September 30, 1932, under gas-ether anesthesia, 
an exploratory celiotomy and an entero-enterostomy were performed Generalized peri- 
tonitis and a constriction at the ileocecal junction were noted Following a stormy 
convalescence his intra-abdominal condition improved 

Ncuiologic Examination — November 4, 1932 Hjpesthesia of the entire left leg 
except for the area between the toes and the inner side of the arch This was felt to 
be of a functional nature He was discharged, improved, November 7, 1932 

On December 2, 1932, he was readmitted because of stiffness of the tendons and 
aching pains in the left leg, particularly of the ankle which became swollen on exercise 
At times he could not walk because of this discomfort 

Ncuiologic Examination — December 8, 1932 On Lasegue maneuver the patient 
complained of pam in the popliteal space The circumference of the left calf was 
1 cm less than the right Some urinary frequencj during the day but no incontinence 
Hypalgesia in area on anterior aspect of the thigh corresponding roughly to the inter- 
mediate cutaneous and medial cutaneous branches of the femoral nerve, though not of 
as great extent It was felt that the spinoeaine anesthesia was not the cause of these 
findings Roentgenologic examination, December 10, 1932, revealed only slight soft 
tissue swelling 111 the posterior of the right ankle joint due to a mild synovitis 

He also complained of recurring violent abdominal cramps Barium studies reveale 
the hepatic flexure to be slightly displaced to the left on account of a large hver 
The transveise colon showed a spastic state, with the midtransverse colon constant y 
located in the right lower quadrant, suggesting adhesions 

Thud Opeiation — December 28, 1932 Under spinoeaine anesthesia (22 cc), tie 
adhesions causing the obstruction were severed The entero-enterostomy was function 
mg The patient again had a stormy convalescence, and developed a right, non 
specific epididymitis and orchitis, and attacks of tachycardia of sudden onset and cessa 
tion, reaching at times approximately 200 systoles per minute Electrocardiogram 
the free interval was negative He was discharged, improved, Februaty i, 1933 urin “ 
the next four years he had five hospital admissions for symptoms relating to the segue ae 
of the spinal anesthesia 
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At the time of his eighth admission (March 17, 1937, to May 10, 1937), he had 
developed, in addition to pain in both knees and ankles, pain m the left shoulder, elbow 
and wrist 

Three weeks after admission he was transferred to the Neurogolic Section 
where he was observed for two weeks He had remissions and exacerbations without 
apparent cause The ache was deep m the joints, not in the bone or surrounding tissues, 
which was not aggravated by motion or pressure but was made worse by effort and 
fatigue so that he became “wobbly ” He was irritable and dissatisfied 

Neutologic Examination — April 15, 1937 Gait was normal, on Romberg he swayed 
mostly to the left and backward (he felt he was turning counterclockwise and to the 
left) , when eyes were closed and extended arms were brought to horizontal, the body 
and arms turned to the left Balancing on each foot was fair, poorer on the left foot, 
pass points to the right with the left hand Area of hypesthesia (“feels like roughness and 
itching you want to scratch’’), hypalgesia (“like burning”) and hypthermesthesia in the 
second and third lumbar segments on the anterior aspect of the left thigh Calves were 
of equal size and the left thigh 1 cm greater than the right (ref examination December, 
1932, at which time the left calf was x cm less than the right) 

Psychotherapy was begun with considerable enthusiasm on the part of the patient 
Since the operation, m 1932, he had had marked insomnia, restlessness, easy fatigue, 
constipation and increasing disinterest in his work He had married happily, December, 
1936 Since childhood he had had nightmares A review of his life history and attitudes 
revealed the origin of some of his character traits to him He always had a feeling 
of inferiority and felt that no one was interested in him With this attitude he aban- 
doned himself to all manner of escapades, always submitting to punishment without 
question when caught 

Even with the most superficial explanations of his problems he greatly improved, 
and all the above symptoms disappeared On the day of his discharge back to duty, 
the only neurologic signs were sensory disturbances in the second and third lumbar 
segments on the left thigh, characterized by hypesthesia, with a feeling of dulness, 
hypalgesia, with a burning quality, and hypthermesthesia' Clinical Diagnosis — Toxic 
cauda equina neuropathy (spinocaine) , traumatic neurosis (improved) 

Comments — An athletic, previously healthy male had an appendicectomy, 
performed under spmocame anesthesia Following this a whole tram of un- 
happy symptoms developed and resulted m eight hospitalizations His upper 
respiratory infection favored the emloyment of such an anesthetic, but his 
extiemely wi ought-up mental condition should have precluded its use How 
much his mental state played a pait m initiating his vomiting attacks and 
perpetuating an alieady confused situation, ending in two additional opera- 
tions, can only be problematic 

In reviewing his case with him, he constantly emphasized what he believed 
to be gioss mismanagement as the causative factoi He had developed signs 
and symptoms of a toxic neuropathy affecting the cauda equina, peritonitis, 
intestinal obstruction, polyai thritis and tiaumatic neuiosis in addition to his 
own character neuiosis 

The motor as well as the sensoiy portions of the nerves weie affected as 
indicated by the increase in size of the left thigh and calf m 1937, as compared 
with the measuiements 111 1932 It is possible that recovery might have been 
letarded by the second spmocame anesthesia and the perpetuation of the 
dysesthesiae 17 which were so distressing, favored The importance of the 
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patient’s mental attitude in exaggerating symptoms which had a real organic 
basis and developing otheis as a functional elaboiation must be mentioned 
I hat this was the case was substantiated by the change in the picture followin'* 
psychotheiapy 


SUMMARY 

The hteiature on neural complications following spinocaine and other 
forms of spinal anesthesia is reviewed to emphasize their frequency and 
unpi echctabihty 

In addition to excluding patients having sevei e myocardial damage, hypei - 
tension or marked hypotension, other exceptions to spinocaine have been added 
These are congenital anomalies in geneial, particularly those of the central 
neivous system and diseases of that system, congenital anomalies and dis- 
eases of the circulatory system, such as tendency to, or presence of, varicosities, 
endarteritis or phlebitis , and congenital anomalies and diseases of the skin 
and epidermal appendages, indicating possible disease of the central nervous 
system, such as pilonidal cyst The importance of severe neurotic tiaits as a 
contraindication to the employment of spinocaine anesthesia was emphasized 
The first case reported was that of a young male who, following his fourth 
spinocaine anesthesia, developed signs of a severe spinal cord and cauda equina 
neuropathy fiom which he nevei fully lecovered The recuiring pilonidal 
cyst, developing vaucosities in the lower extremities and cafe-au-lait spots, 
were suggested as possible contraindications to repeated spinocaine anesthesia 
The second case was that of a male, age 39, with piesenihty and severe 
hypochondi lasis, who developed signs of a transient cauda equina neuropathy 
from which he recovered, but in whom a residual, sevei e psychesthema devel- 
oped, which was built up about the symptoms resulting fiom the original 
neuial lesion 

The thud case was that of an adult male with geneiahzed arteriosclerosis, 
vaucosities of hemorrhoidal veins, pupillaiy pathology and a long history of 
“nervousness ” Following spinocaine anesthesia he developed signs and 
symptoms of an organic and functional nature indicating diffuse spinal cord 
and radiculai nerve pathology, from which, however, he made a gradual 
recovery but of which theie weie still some residua 

The fourth case was that of a very healthy, athletic male, age 28, whose 
appendix was removed under spinocaine anesthesia, during a period in which 
the patient was in a much wrought-up mental condition He developed signs 
and symptoms of a cauda equina neuropathy, an intestinal obstruction, which 
lequired two subsequent opeiations, and a traumatic neurosis resulting in 
eight subsequent hospitalizations dui mg the following five years The atrophy 
ot the left leg had disappeared but the dysesthesiae have remained Much im- 
provement in all his symptoms followed psychotherapy 

It is suggested that if the above criteria for the selection of cases are con- 
sidered) thevnumber of complications following spinocaine anesthesia woul 
be diminished 
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Addendum — Since this report was submitted for publication, a fifth case has been 
observed four years after spinocaine anesthesia There was evidence of a severe myelo- 
radiculopathy of the lumbar spinal cord and nerves Marked vasomotor instability was 
noted, the signs and symptoms of which were known to have been present even before 
the spinal anesthetic was administered Such vascular disturbances have been suggested 
as contraindications 
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small ’ „w, ' a T C f y ° £ 95 Pe ‘ cent to deflate a closed loop of 

f „ 7 I f f * n '"° gen - wh,ch ’ m 'onus the ntajcr con- 
stituent of the tl.stend.ng gases The mechamsm by winch the oxygen ac- 
complishes tins result consists m the exclus.on of mtrogen from the mspned 
an According to the law of gases, the cl.ffus.on of any gas through a sen,,- 
pei meable membrane is pioportional to the difference between its partial 
pressme upon the two sides of the membiane Inhalation of pure oxygen 
necessanly i educes the pressme of nitrogen m the lungs toward zero, so that 
nitrogen in the blood diffuses into the expired air, and by the same mechanism 
the resulting reduced partial piessuie of mtiogen in the blood allows this gas 
to diffuse more lapidly fiom any body cavity or tissue space into the blood, 
whence it is expelled through the lungs The oxygen P e> sc has no dnect 
effect on the diffusion p, ocess Its vn hie lies only in the fact that, when p> op- 
enly used, it is a convenient lespuable gas ivluch pi events mU ogen fiom being 
whaled 

dhe expei nnental studies clearly demonstrated that By causing an animal 
to reathe pure oxygen instead of an, the volume of mtrogen in a closed 
loop of small intestine distended with this gas can be reduced m 24 hours to 
about 40 pei cent of its original volume This is m conti ast to an average 
vanation of only 10 per cent of the oiigmal gas volume when the animal 
breathes room air foi the same period of time The pathologic changes in 
deus aie pxunarily leferable to the effect of increased intraluminal tension, 
rathei than gas volume We propose, therefore, in this paper to supplement 
the observations already published 1 23 1 on gas volume changes with experi- 
mental data on comparative mtra-mtestinal pressure changes in the bowel dis- 
tended with an or nitrogen (1) In animals breathing room air, and (2) in 
animals breathing pure oxygen 

Method — The abdomen of cats, staived for 24 hours, was opened under 
inti aperitoneal nembutal anesthesia and the pylouis ligated A large glass 
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cannula was secuiely tied into the lowest poition of the ileum and an occluding 
ligature placed immediately distal to the cannula The abdominal wall was 
closed aiound the othei end of the cannula, which was connected by a T-tube 
to a mercuiy manometei and to a Peiusse piessuie bottle The intestine was 
then inflated with atmospheuc an by mci easing mciements of piessuie until 
a final piessure of 800 Mm of watei was established at the end of five hours 
This piessure was maintained for one houi, following which the Peiusse 
bottle was clamped off The mtialummal piessuie was lecoided on a slowly 
moving kymogiaph until the animal died 01 was sacrificed One group of 12 
cats bieathed atmospheuc air, another gioup of 14 bieathed puie oxygen from 
the tune the Peiusse bottle was clamped oft" until the expenment teiminated 
Intia-intestinal piessure tiacings, data on the bowel and peutoneal fluid con- 
tent, bowel weight, length, and gioss appeal ance wet e compaied 111 these 
two groups A thud group of four cats, in which the intestine was similarly 
treated except that no an was injected into the intestine, seived as conti ols 
for the data on bowel weight and length, mtra-intestmal and mtiaperitoneal 
fluid content All of the animals weie kept undei intiapeiitoneal nembutal 
anesthesia for the (filiation of the experiments 

The selection of a final mtia-mtestmal piessuie of 800 Mm of water (60 
Mm Hg ) as a basis for a companson of the deflating piocess in an animal 
breathing air as against one bieathing oxygen, is somewhat aibitiaiy It was 
chosen because it lepiesents a level of inti aluminal tension which, though 
considerably in excess of that which is oidmarily obseived clinically, may, 
if sustained foi a numbei of houis, be consideied sufficiently high to cause 
local and constitutional effects and at the same time to seive as an adequate 
test of the capacity of oxygen inhalations to decompress a severely distended 
intestine The establishment of this degiee of piessuie was puiposefully 
effected in stages over a penod of five houis, lathei than abiuptly, in order 
to simulate to some degiee the clinical condition in which the tension accumu- 
lates over a period of hours 01 days lather than minutes 

Results — When the small intestine of the cat, ligated at the pyloius and 
ileocecal valve, is gradually distended with an to a piessuie of 800 Mm of 
water in accordance with the technic described above, the subsequent course 
of events, 111 the average instance 111 an animal breathing air, is as follows 
Theie is a slow and steady decline 111 the mtialummal piessuie for a few hours 
to an aveiage minimum of 433 Mm of watei, with exti ernes vaiymg from 
I 3 ° to 774 Mm of water The physiologic piocesses operating to 1 educe 

* The intra-enteric pressure in mechanical obsti uction of the small intestine in man 
has been observed to vary between 40 and 140 Mm of water pressure, with increases 
as high as 300 Mm during peristaltic activity 6 Such determinations of the intra-enteric 
pressure, unless made under constant volumetric conditions, may be considered lower 
than the actual values We have observed in the cat a drop from 364 Mm of water 
pressure to 277 Mm upon the withdrawal of 2 5 per cent of the total gas volume 111 
the bowel, and from 277 to 91 Mm when 7 per cent was withdrawn Hence a leak 
around the needle injected into the bowel, or an appreciable displacement of gas into 
e manometric system, will register a pressure below its true value 
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the initial pressure may be threefold (,) The nitrogen diffuses slowly mto 
the blood stieam (and possibly into the peritoneal cavity) because its tension 
m the intestine exceeds that in the blood stream and the surrounding tissues 

(2) ihe oxygen fraction of the injected an is absorbed rather rapidly The 
late at which this occurs in these distended animals, however, is slower than 
is to be expected normally, in proportion to the extent to which the blood 
supply in the intestinal wall is reduced by the increased intraluminal tension 

(3) Relaxation of muscle tonus 01 paralytic dilatation from prolonged over- 
stretching of the bowel wall may 1 educe the tension 
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Chart i — Xymographic tracing of intra enteric pressure of small intestine ligated at pylorus 
and ileocecal valve and inflated through a Peiusse bottle with air in increasing increments each 
hour for five hours up to a maximum of 800 Mm of water At the end of the sixth hour the 
Perusse bottle was clamped off and the animal was allowed to deflate spontaneously Breathing 
room air Death occurred eight hours later with final pressure of 495 Mm of water 


Once the minimum piessuie is attained it usually remains unchanged until 
death of the animal occurs (Chart i) In four of the 12 cats breathing air, 
however, a subsequent rise in piessuie occurred (Chart 2), which in three 
cases exceeded the initial level of 800 Mm of water The average survival 
time in those cats not showing this secondary rise was 11 7 hours The aver- 
age survival time m those which did show such a secondary rise was only 5 25 
hours In one such animal, the pressure fell from 800 to 700 Mm of water 
during the fust hour, but 111 the following one and one-half hours it rose to 
1,065 Mm of water and the cat expired, a survival time of only two and one- 
half hours Anothei showed no drop from the initial level, the pressure using 
steadily from 800 to 1,690 Mm of water in four hours, at which time death 
occurred 
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a secondary rise is superimposed on a long sustained high inti a-mtestmal pi es- 
sure, death rapidly lesults If such a phenomenon exists in man, its clinical 
impoitaiice in hastening death fiom overdistention is sufficiently clear and 
justifies unremitting efitoit to 1 educe a gaseous distention of a severe giade 

Table I 

DISTENDED ANIMALS BREATHING ROOM AIR 

Small intestine ligated at pylorus and ileocecal valve Cannula inserted into terminal ileum 
Bowel inflated with air over period of six hours, in increasing increments, to a level of 800 Mm 
of water pressure by means of Perusse bottle (in all cases except Exper 8 m which nitrogen 
was injected by means of a syringe to 1,015 Mm of water) 


Experi- 

ment 

Number 

Total 

Survival 

Time 

in 

Hours 

Minimum 
Pressure in 
Millimeters 
of 

Water 

Pressure at 
Time of 
Death in 
Millimeters 
of Water 

Peritoneal 

Fluid 

in 

Cubic 

Centimeters 

Fluid 
Content 
of Bowel 
m Cubic 
Centimeters 

Ratio of 
Bowel 
Weight to 
Body Weight 
m Per Cent 

1 

29* 

130 

169 

17 

10 

2 29 

2 

17 

260 

260 

33 

35 

2 91 

3 

20 

325 

455 

21 

10 

2 99 

4 

19 

390 

400 

33 

45 

2 46 

5 

12)4* 

390 

390 

25 

2 

3 12 

6 

13 

440 

440 

46 


2 79 

7 

14 

494 

494 

43 

10 

1 59 

8 

II 

728 

728 

59 

2 

2 84 

9 

II 

494 

650 

59 

22 

2 44 

10 

16 

364 

950 

27 

10 

2 42 

11 

8 X 

700 

1,065 

21 

2 

2 68 

12 

10 

774 

1,690 

36 

15 

2 16 


* Sacrificed at time indicated 

That reduction of the distention will piolong the life of the animal is to 
be expected We wish now to present evidence that the inhalation of 95 per 
cent oxygen accomplishes this result by effecting a steady decline in the 
pressure level of the intestine distended by atmospheric air 01 nitrogen 
(Table II) Fourteen animals, prepared 111 exactly the same fashion as the 



i f fVuiv*. BortU. cum'*) ■»-“ * 

SO.V** **• 0 w lV* I»U(*W AW 

H v O ‘tWcvte 

th p HART 3 — Same as Chart i, except that the cat breathed oxygen instead of air from the time 
e , eru sse bottle was clamped off until the end of the experiment Animal alive, deflated and in 
8 oct condition nine and one half hours later 

distended control group, were caused to breathe pure oxygen following the 
gradual establishment of an intraluminal pressure of 800 Mm of water by 
distention with atmospheric air or nitrogen The course of events descubed 
above as occurring m cats breathing air is in definite contrast to that occuinng 
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DISTENDED ANIMALS BREATHING PURE OXYGEN 

Small intestine ligated at pylorus and ileocecal valve Cannula inserted into terminal ileum 
Bowel inflated with air over period of six hours, in increasing increments, to a level of 800 Mm 
of water pressure by means of Perusse bottle (in all cases except Expers 3, 11 and 13 in 
which nitrogen was injected by means of a syringe to 600, 1,430 and 1,220 Mm of water 

pressure, respectively) 


Experiment 

Number 

Total 

Survival 

Time 

in 

Hours "** 

Pressure at 
Time of 
Death m 
Millimeters 
of Water 

Peritoneal 

Fluid 

m 

Cubic 

Centimeters 

Fluid 
Content of 
Bowel m 
Cubic 

Centimeters 

Ratio of 
Bowel Weight 
to 

Body Weight 
in Per Cent 

1 

32* 

0 

24 

5 

3 37 

O 

19 

0 

25 

0 

3 01 

3 

18* 

0 

20 

— 

2 86 

4 

22 * 

19 

8 

21 

r 7 

5 

26* 

52 




6 

29* 

52 

31 

5 

2 07 

7 

24* 

65 

33 

0 

2 49 

8 

27 

78 

23 

15 

1 78 

9 

17 

195 

28 

ro 

2 14 

10 

19 

225 

29 

10 

2 77 

n 

18 

234 

38 

10 

I 59 

12 

14 

260 

19 

23 

2 56 

13 

17 

286 

30 

15 

2 62 

14 

1 7 

442 

46 

ro 

3 n 


* Sacrificed at time indicated 


in those bieathing oxygen In the foimei, the mtialunnnal pressuie, after 
an initial decline, leveled off to an average minimum of 433 Mm of water, 
while in the lattei the pressure continued to fall until it leached a normal or 
neaily normal level (20 to 40 Mm of water 5 ) m eight of the 14 animals 
(Chaits 3 and 4) The average intia-enteiic piessure leached was 136 Mm , 
of watei with exti ernes varying from zeio m three instances to one with an 


Chart 4 
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INTRAENTERIC PRESSURE AT TIME OF DEATH 


exceptionally high level of 442 Mm of watei The secondaiy rise in pressure 
observed in fotu of the air bieathing animals did not occm in any 
bi eathmg oxygen 
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Concomitant with the gieatei 1 eduction m mtia-entenc piessuie theie was 
a notable pi olongation of the smvival time (Chait 5) Six animals died with 
an aveiage survival tune of 1S8 houis following the establishment of the 
initial piessuie level of 800 Mm of watei, as against an aveiage suivival tune 
of 8 5 houis foi those animals breathing air Six otheis bieathmg oxygen 
weie sacrificed while still in good condition aftei an aveiage suivival of 25 
houis Two cats which weie distended with mtiogen up to an initial level 
of 1,220 and 1,430 Mm of watei piessuie lived 17 and 18 houis lespectively 


Ch\rt 5 



SURVIVAL TIME 

The initial drop in pressure during the fiist one to thiee houis was of 
much the same order of magnitude in both oxygen and air bieathmg animals 
(compai e Chaits 1 and 3), although two of the latter did not show even this 
preliminary diop One might expect the oxygen bieathmg animals to show a 
11101 e precipitous fall 111 pressuie during this early period than those bieath- 
mg air Its failure to occur is explained by the fact that a latent interval of 
11 ee to foui houis, clui mg which the blood stieam becomes desatuiated of 
e ni h°gen dissolved m it, is necessaiy befoie nitrogen 111 any quantity begins 
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to diffuse from the bowel lumen into the blood stream with resulting decom- 
pression 9 & 

The peritoneal fluid tecovered at autopsy from the animals breathing air 
avetaged 33 3 cc , while that recovered from those breathing oxygen averaged 
27 2 cc In a conesponding group of four animals, similarly treated but not 
distended, the peritoneal fluid averaged 6 5 cc , which was chiefly blood inci- 
dental to operative manipulation The distended animals, therefore, showed 
an aveiage excess of 24 cc of peritoneal fluid, which is directly attributable 
to the prolonged distention of the intestine Since this fluid loss is of equal 
magnitude in the oxygen and air bieathing animals, it cannot be regarded as 
a factor m the more rapid death of the latter The volume of fluid m both 
gioups, even if regarded as a loss of circulating blood, represents only about 
11 per cent of the total blood volume and is consequently not an adequate 
cause for the death of the animals m either group 

If the peritoneal fluid is to be explained as a transudate from engorged 
capillanes lesulting ftorn pattial 01 complete venous occlusion, one might 
expect for the same reason a simultaneous increase in the fluid content of the 
intestine above that which is found in a nondistended gut An increase m 
intraluminal fluid was, however, not observed The average fluid content 
of the distended intestines in the oxygen and air breathing groups was about 
13 cc as compared to 11 cc in the senes of foui similarly prepared but un- 
distended animals If excessive mtra-entenc transudate does occur at some 
stage in the period of distention, one should expect to find in it those animals 
whose pressure remained high (well above noimal venous pressure) up to 
the time of death The data in Table I show no parallelism between final 
pressure and fluid content of the bowel This is in accord with the findings 
of Gatch, 0 el al Theie is an apparent contiadiction between this finding and 
the well known clinical fact that overdistended and obstructed intestines usu- 
ally contain excessive quantities of fluid The animals studied in these experi- 
ments were staived and their intestines were relatively empty In man the 
excessive fluids are probably to a large extent due to more or less fluid and 

Tablc III 


UNDISTENDED CONTROL ANIMALS 

Small intestine ligated at pylorus and ileocecal valve Cannula inserted into terminal ileum 


Experi- Survival 

ment Time 

Number in Hours* 


Peritoneal Fluid 


m 


Cubic Centimeters 


Fluid Content of 
Bowel in 

Cubic Centimeters 


Ratio of Bowel Weight 
to Body Weight 
in Per Cent 


1 

2 

3 

4 


35 

21 

17 

37 


2 

rr 

11 

2 


5 

20 

8 

10 


1 66 

2 79 

2 56 

3 06 


‘ Death in these animals due m part to regurgitation of citrate into the blood stream 
during continuous blood pressure observations 
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food intake immediately preceding the onset 01 dining the period of disten- 
tion Theie is no evidence in these experiments to substantiate Van Zwalen- 
buig’s 7 observation that the bowel mucosa at a distention piessuie of 60 Mm 


Chart 6 



r ELAT!ONSHIP between survival time 
and intestinal pressure at time of 

DEATH 


Hg ' 

sweats” sufficiently to account for the increased fluid m the obstructed 
intestine in man This does not, however, negate the possibility that excessive 
quantities of intraluminal fluid may accumulate at the pressure levels ordinarily 
observed in distention in man, which aie very much lower than we have uti- 
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lued in these expei iments and which have usually been established for a much 
gieatei penod of time 

An aveiage of the latios of the weight of the small intestine to the weight 
of the animal shows no significant difference between distended and undis- 
tended animals (Tables I and III) Theie is, theiefoie, no evidence of an 
impoitant loss of blood volume into the wall of the distended intestine This 
agiees with sinnlai findings by And 8 foi closed loop obstiuction The evi- 
dence, theie foi e^ is against fluid loss into the peritoneal cavity, bowel wall 
and bowel lumen as an explanation of the moie lapid death of animals with 
high degiees of gaseous distention 

Of intei est is the lelationship between the suivival time of the entire 26 
distended animals and then intinlununal piessuie at the time of death Chart 6 
shows that those animals with the lowest intialununal tension appieciably out- 
lived those which weie unable to adequately decompress themselves, while 
high teiminal piessuies, as occuned in foui of the distended animals bieathmg 
an lesulted in veiy eaily death 

Comment — The pathologic changes 111 ileus, aside fiom those due to actual 
sti angulation, aie pioduced by intia-enteiic piessuie alteiations lesulting from 
the accumulation of gas and fluid within the bowel lumen The cential piob- 
lem in the theiapy of obstiuction, whethei mechanical 01 functional, is the 
lelief of inci eased mtia-intestmal piessuie When the indications for suigical 
lelief aie cleai, theie is no bettei solution of the pioblem Lacking such indi- 
cations, the oichnaiy pioceduies foi deflation aie utilized, but unfortunately 
fail all too often In such cases bieathmg 95 pei cent oxygen, m accoi dance 
with a technic aheacly desciibed, 8 piovides a method for effective deflation 
Oui expei unental studies piove that bieathmg pme (01 95 pei cent) oxygen 
lesults not only in a stnking deciease in gas volume 1 but also in a maiked 
1 eduction m the piessuie within the lumen of the intestine The lethal effects 
of a sustained high giacle gaseous distention aie theieby delayed 01 entirely 
avoided 


SUMMARY AND CONCLUSIONS 

(1) When the obstiucted small intestines of a gioup of 12 cats weie dis- 
tended with an 01 nitiogen up to a level of 800 Mm of watei piessuie, death 
ensued in eight of these animals within an aveiage of n 7 hours following 
the establishment of this piessuie level 

The mtia-mtestinal piessuie 111 these eight animals fell f 10m the initial 
level of 800 Mm of watei to an aveiage minimum of 433 Mm of watei 

In the lemaining foui animals of this gioup a secondaiy use 111 pressuie 
occuned with lesulting lapid death aftei an average suivival time of only 
5 25 houi s 

(2) In a group of 14 cats, similarly treated, but breathing pure oxygeu 
fiom the time the initial pressuie level was established until termination 
the expei iment, the suivival time was much longer The aveiage was 18 
hours foi eight animals which died and 25 houis foi six which were sacri 
freed while still in good condition 
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Eight of this gioup reached a final intialuminal pressuie within or close 
to noimal limits (20 to 40 Mm of watei), while the remaining six leached 
anaveiage final piessuie of 273 Mm of watei piessuie 

(3) Evidence is ofifeied to show that gaseous distention pioduces an in- 
crease in pentoneal fluid, but no appieciable change 111 the weight of the bowel 
wall When the entne small intestine of the staivecl cat is conveited into a 
closed loop distended with air to a piessuie of 800 Mm HoO, there is no 
increase 111 the fluid content of the intestine 

The shoiter suivival time of the an bieathing distended animals cannot 
be accounted foi on the basis of fluid loss into the pentoneal cavity, bowel 
wall and intestinal lumen 

(4) Bieathing puie oxygen is an effective means of 1 educing the mtia- 
mtestinal pressuie and of piolonging the suivival time of cats in which the 
obstructed small intestine is distended with an 01 mtiogen 
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Certain axioms have been accepted m regard to this problem It is 
agieed that such a resection may not be strictly aseptic It is well known 
that a Lembert type of sutuie occasionally enters the intestinal lumen and 
is thus contaminated However, the degree of asepsis maintained can be 
made gieatly supenoi to that obtained in an open operation The results 
following such an aseptic technic indicate that if there has been some degree 
of contamination, it has usually been caied foi without reaction 

In 1922, the wnter 1 detailed a piocedure which had been developed to 
effect an aseptic intestinal lesection, and has keenly watched the interest that 
has been manifested m the subject since that time As steps m the technic 
have been developed, surgeons now are generally accepting the aseptic technic 
of resection, wheie indicated, as supenoi to open methods In an attempt, 
possibly, to standauhze an aseptic technic, the writei wishes to emphasize 
steps that seem, to him, essential Conditions requiring resection are often 
found unexpectedly, and in orclei that an aseptic method can be employed, 
when indicated, the method should be uncomplicated and adaptable to the 
instruments usually found in any surgical armamentarium 

In many of the contributions on this subject, we feel that three features 
have been overemphasized Fust, that the inturned intestinal cuff is objec- 
tionable, second, that the first iow of sutures should be intei rupted mattress 
sutures, and thud, that the ciushmg forceps should be quite nairow In 
regard to the fiist point, Halsted, 2 his coworkeis, and others, have shown 
that the inturned cuff soon disappears — the crushed portion by sloughing and 
the remaining by atrophy In 62 lesections that we have performed, by the 
method to be descubed, there has not been a symptom to indicate an ob- 
struction, 01 other undesirable features, produced by the cuff It is of more 
impoitance to have the suture line coapt the intestinal sui faces without 
tension, than to be greatly concerned about a slightly laiger inturned cuff 
As foi the second point, namely, concerning interrupted mattress sutures m 
the first row, such sutures have many knots to bury and invite subsequent 
trouble They strangulate the area they include, producing pressure necrosis, 
and afford a greater danger of leakage at such a point Again, with inter- 
rupted mattress, 01 for that matter any type of interrupted suture m the 
fiist row, with the onset of distention of the intestine, the sutures become 
further separated and intestinal contents may escape With a well placed 
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continuous sutuie, the intestinal distention tends to tighten the sutuie line 
As foi the thud point — m legal d to the sue of the crushing forceps — it has 
been out expei fence, since the intestines aie not handled but aie held m 
position entuely by these forceps while the first suture low is being placed, 
that the foiceps should be fauly wide and strong enough to ciush and hold 
firmly A narrow foiceps will occasionally cut through or slip off at a crucial 
moment A widei ciushed portion of cuff will always slough away The 
forceps should not have toothed tips, but should be rather of the ordinary 
straight Pean type, so that they will pull out easily aftei the fiist iow of 
sutures is completed The accompanying plate of lllustiations will peihaps 
seive to emphasize the steps of the opeiative procedure we have employed 
Figiue I (A) — The blood supply, especially in the colon, must be with- 
out question An opening is made in the intestinal bolder of the mesentery 
near a well defined aitenal btanch The intestinal wall is shipped clean of 
mesentery toward the segment to be lesected, so that twice the width of the 
crushing foiceps is cleaiecl between the aitery and the tip of the forceps 
All surfaces of the intestine to be appioximated by sutures must also be 
freed from fat tags 01 other extianeous tissues, so that peritoneal sui faces 
may come m contact If after lesection the blood supply to the parts to be 
anastomosed seems impaired, reapply other forceps in the same mannei and 
again resect, until a good blood supply is demonsti able Avoid handling the 
unresected poition of the intestine Do not ship away its contents or apply 
any ligatures or rubbei -coveted foiceps to hold the contents awmy from the 
crushing forceps 

(A) The exact manner of applying the ciushing forceps in an end-to-end 
anastomosis is most important The tip of the fotceps must be placed exactly 
at the mesenteric border of the intestine in the cleaied space — the proper 
distance from the arterial bianch If the tips extend beyond the border, they 
cannot lie properly buried by the first suture iow, and thus assuie against 
leakage at that point when the forceps are withdrawn upon completion of 
that row The crushing foiceps can be applied at nght-angles to the in- 
testine, or, to make a laiger lumen 01 to improve the blood supply, at an 
angle away from the part to be resected If the lumma of the two ends to 
he anastomosed are not of the same size, the smaller end can be enlaiged by 
resecting it at an angle, or a temovable loop-hgatute 1 can lie applied to the 
largei end and the forceps applied over this to contract that end down to 
approximate that of the smaller one A second straight forceps of any type 

>s applied alongside the first and the intestine is cut thiough with a thin bladed 
cautery 


1 ) ^ ter resec hng and observing that the blood supply of both ends to 
. )e anastomosed is sufficient, the operator holds both Pean forceps in one 
. lan Wlt h dre cauterized ends of the intestine m apposition, the tips of the 
OTceps even without rotation Pie thus holds them throughout the placing 
fiefo 16 ^ rst 10w of sutures Crushed ends of intestine, with foiceps removed 
re °f sutuies, cannot be depended upon to hold Forceps left m 
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place while sutuimg are secuie, assuie a minimum handling of the intestine 
and aie most convenient foi holding a constant position 

Sutuie matenal for the fiist iow, we believe, should be absoibable, chiomic 
intestinal catgut mounted on a stiaight atraumatic intestinal needle, thus 
enabling the opeiatoi to estimate moie accuiately what intestinal layer is 
being tiansveised Nonabsorbable sutuie matenal is cast off into the in- 
testinal lumen But when it is only paitially extruded into the lumen, it may 
adheie to the intestinal canal, catching material and thus pioducmg a possible 
degiee of obstruction 

(B) The fiist stitch is of especial importance and is that one which is 
placed m the cleaiecl space at the mesenteuc bolder, between the aitenal 
branch and the tips of the foiceps on either end It is so placed that when 
tied, the intestinal walls aie drawn ovei the ends of the foiceps so as to 
buiy the tips The sutuie end is lett long so that it may be tied to a second 
suture, to be later placed m the opposite side 

(C) The tips of the foiceps are now depressed and the sutuie continues as 
a continuous lunmng Lembeit sutuie covenng in the foiceps, as seen from 
theopeiator’s side, and is tied when the shanks of the foiceps aie leached (D) 

(E) The opeiator now, without changing the approximation of the for- 
ceps, lotates them m oulei to bring the othei side of the intestine into view 
A new suture is then started at the tips of the foiceps, as in the first sutuie 
(F), and when it is tied, and letied to the end of the first sutuie alieady 
in place, the tips of the foiceps aie securely buned and there can be no gap 
at the mesenteric bolder m the first sutuie iow (G) This second suture 
is continued, as on the opposite side, until the shanks of the foiceps aie 
reached (H) It is then purse-stringed aiound the shanks of the forceps 
and (I and J) is drawn snugly and tied as the forceps aie lemoved A 
suggestion is essential lelative to the lemoval of the foiceps they aie loosened 
and removed, one at a time, as the puise-strmg suture is tightened Theie 
is a tendency foi the ciushed ends of the intestine to adhere to the foiceps 
as they aie withdrawn (I) A small forceps or piobe held on the cuff at 
the border adjacent to the ciushing foiceps, as it is withdiawn, will keep 
the cuff within the intestinal lumen 

(K) By holding the ends of the fast iow of sutuies, the suture line is 
kept on tension and the second iow is applied, not too closely, nor so tightly 
as to cause pressure neciosis Staited at the mesenteuc border, this sutuie 
should close the split of the mesenteiy as it divides to go aiound the intestine, 
but caie must be taken not to involve the aiterial branch thus far preserved 
This second iow can be either of absorbable or nonabsorbable matenal, con- 
tinuous 01 interrupted sutures In the colon, a second iow of absorbable 
material and a thud iow of nonabsorbable mtenupted sutuies may be ad- 
visable (K) The closuie of the mesenteric gap is made m the usual manner 
observing caie again not to involve the important blood supply to the in- 
testinal wall (L) At this stage do not neglect to pass the tips of the thumb 
mid a fingei thiough the anastomosis to free the agglutinated ends of the 
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cuffs One is surpnsed to find the ample lumen that is thus demonstrated 
An omental tag or a free omental graft covering the suture line is an addi- 
tional safeguaid against leakage, particularly m a colon resection 

Figwe II (A) — In a side-to-side anastomosis an ample pouch of intes- 
tinal wall is pulled up and clamped across, the tip of the Pean forceps not 
extending beyond the intestinal suiface This protruding poition of wall is 
excised between foiceps with the cauteiy and the sutunng is done (B) in 
an analogous manner as described for an end-to-end anastomosis (C and 
E) Plowevei, as in pei forming an end-to-side ileocecostomy, or an lleotrans- 
veise colostomy, it may be best to place the two postenor rows first so as 
to facilitate sutunng 

Figuie III — A number of tunes after resecting, we have thought it ad- 
visable, because of some degree of suspected ileus, to place an enterostomy 
tube pioximal to the lesection m order to prevent dangeious distention Oui 
concept concerning entei ostomy is that the tube should be inserted for de- 
compression m anticipation of trouble, lathei than after symptoms aie well 
established In high resections of the small intestine, the use of the nasal 
duodenal tube for decompression, as suggested by Wangensteen, 3 may be 
employed m place of entei ostomy, piovided the tube is not allowed to reach 
the site of anastomosis In lesection of the left or transverse colon, a 
cecostomy peifoimed as a first-stage opeiation decompi esses both before and 
after lesection If an enterostomy tube is inseited, it should also be ac- 
complished by an aseptic technic (A) Thiough a stab wound of the ab- 
dominal wall, at one side of the incision, a fairly stiff No 12 or 14 F uibbei 
catheter, with a clamp on its outei end (B), is passed into the abdomen 
and through the omentum About 20 cm proximal to the anastomosis, the 
tube is laid along the antimesentenc axis of the intestine that has been 
shipped of its contents and clamped off with soft rubbei -covered foiceps 
(C) With a chromic intestinal suture on a straight atraumatic intestinal 
needle, a continuous Lembeit sutuie buiies the tube snugly foi about 5 cm 
Approximately 7 cm of the tip of the catheter is left uncoveied, turned up, 
and the same sutuie is pui se-sti urged about an aiea thiough which a puncture 
is to be made by cauteiy into the intestinal lumen The cauteiy is employed 
after Allis forceps aie applied within the piu se-sti mg suture to hold up the 
intestinal wall, and thus guaids both the purse-stung and the opposite in- 
testinal wall from damage 

(D) The tip of the tube is guided into the cautery puncture with a 
foiceps (E) The purse-stung is pulled tight, and the same suture con- 
tinued back as a second mvaginating row to the starting point (F) At this 
point the sutuie is tied so as not to cut too tightly into the wall of the in- 
testine Against this knot the same sutuie is tied tightly about the catheter 
to anchoi it in place (G) The tube is then diawn up through the abdominal 
stab incision, drawing the entei ostomy site snugly against the peritoneum 
with the omentum intervening (H) A sutuie of nonabsorbable material is 
passed through the skin edge of the stab wound, tied loosely, and against 
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this knot, the tube is seemed, giving it a second anchoiage at this point 

The entei ostomy tube is connected up for diainage and is kept open by 
injecting small quantities of waim, noimal saline solution fiequently, if indi- 
cated The escape ot gas alone may be all that is lequned to pi event dis^ 
tention Aftei a few days, when indicated, the skin sutuie is cut and the 
catheter is allowed to come away of its own accoid In the cases that we 
have operated upon in this manner, there wei e no fistulae that chd not close 
spontaneously 

We have now lesected, by the method descubed above, 19 of the colon 
and 43 of the small intestine, a total of 62 cases I11 a first gioup of 36 
cases, the condition of the intestinal wall seemed sufficiently good to allow 
of resection These conditions \\eie Ten eaily sti angulations , four of mas- 
sive adhesions, thiee Meckel’s divei ticula , one stiictuie of the colon, one 
gastiocolic fistula, one gianuloma of the teiminal ileum, eight carcinomata 
ot the colon, three duodenojejunostomies foi duodenal obsti uction , four lleo- 
tiansveise colostomies fox caicmoma of the ascending colon, and one colo- 
colostomy foi benign stiictuie of the sigmoid colon In this gioup of cases, 
one died (28 pei cent), a gastiocolic fistula, a poition of the stomach, 
jejunum, and colon being lesected A leakage occuired in the sutuie line 
of the transverse colon, resulting 111 a subsequent fatal pentomtis This pa- 
tient was a very pooi nsk fiom geneial inanition 

In a second gioup of nine lesections the geneial conditions weie poor, 
consisting of late obsti uctions with toxemia, and having intestinal walls that 
were questionable for sutuiing In two cases pneumonia developed, which 
proved fatal This group included one granuloma of the teiminal ileum and 
cecum, five gangienous, obstructed small intestines, one volvulus of the colon, 
and one caicmoma of the descending colon In this gioup there were four 
deaths (444 pei cent), one volvulus of the colon, one caicmoma of the 
splenic flexuie of the colon, and two veiy extensvie lesections for gangrenous 
strangulated ileum 

A thud group of 17 resections were pei formed in 16 late obstructions of 
the ileum in whom ileus and toxemia were well established, when no type 
of opeiation offered other than a forlorn hope Of these, 16 died (94 1 per 
cent) One case of carcinoma of the splenic flexture of the colon survived 


conclusions 


Of a total of 19 colon resections 111 the thiee groups, 16 (842 per cent) 
recovered Of the three that died, two cases did not have a preliminary 
decompression because conditions chd not permit 

If the 16 deaths in the third, apparently hopeless group can be eliminated 
Iom ^ 11S consideration, theie were then 46 resections m groups one and 
two with five deaths, a mortality of 10 8 per cent 

We believe that enterostomy, performed at the time of resection, is indi- 
cted m some cases to help recovery of the intestine by preventing distention 
an lleus Tills *s particularly tiue 111 such cases as are represented by 
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groups one and two We have proved its value in a large group of cases, 
not included in this papei, where strangulating bands were freed without 
resection Howevei, enterostomy seemed without value in such cases as 
lepresented by group three 

If the condition of the intestinal walls justifies suturing, aseptic lesection 
can be undertaken with confidence 
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There has been a notable trend in lecent yeais to distinguish between two 
groups of acute pancreatic disease The pictuie of acute pancreatitis chaiac- 
teuzed by a fulminating attack of epigastnc pam associated with massive ne- 
crosis of the pancreas and fat neciosis of the peritoneal sti uctures is well known 
Included m this group and probably repi esenting different stages of the same 
pathologic piocess are the so-called “acute hemorrhagic pancreatitis,” “acute 
suppuiative pancreatitis” and “acute pancreatic necrosis ” The other group, 
which has only recently obtained moie concise definition, has been variously 
termed “acute pancreatic edema” by Zoepffel 1 and Aichibald, 2 “subacute pan- 
creatitis” by Stetten, 3 "acute intei stitial panci eatitis” and “acute transient 
disease of the pancreas” by Elman 4 * 5 It is with this latter gi oup that our 
study is primal ily concei ned 

Pemn° attributed the earliest descnptions of edematous pancreatic lesions 
to Salsted (1890), Villard and Brance (1909), and Mercade (1919) 

Zoepffel (1922) described a gioup of four opeiated cases of acute pan- 
creatitis chaiacterized by a complete lack of necrosis, and a glossy edematous 
mfiltiation of the pancreas, lesser omentum and transveise mesocolon Micro- 
scopic examination of sections excised from two cases showed a marked 
interstitial and intei lobular edema 

Archibald (1929) descnbed experiments in cats in which he caused 
bile to flow through a small cannula from the common bile duct into the mam 
panci eatic duct Within a few minutes theie developed a marked edema of the 
pancreas which subsided the following day He described one case of presump- 
tive, acute edema of the panci eas in a young man Such a condition, he felt, 
occuired with unrecognized fiequency, and piobably explained some cases of 
acute epigastnc pam diagnosed inaccurately as biliary colic, acute intestinal 
obstt uction, pei forated peptic ulcer, etc 

Elman (1933) made a thorough review of the hteiatuie and collected 3 7 
cases of “acute intei stitial pancreatitis” including four of his own, m all of 
which edema and induration of the pancreas were demonstrated In 1935, he 7 
added six more cases to this senes Again in Maich, 1937, he 5 presented eight 
cases of presumptive, acute pancreatic disease of a transient natuie, four with 
opeiative findings Since the review by Elman, 4 m 1933, this type of lesion has 
een men honed by Bachy, 8 Dragstedt, Haymond and Ellis, 9 Penin, 6 Vianna, 10 
tjo iroud anc ^ P Q1 > u May, 12 and Mahner 13 

This work was aided by the David May Fund Submitted for publication Feb- 
ruar y 4 , 1938 


1029 



GRAY, PROBSTEIN AND HEIFETZ 


Annals of Surgery 
December 193 8 


The lesion geneially associated with these cases is one of noninflammatory 
interstitial (interlobular and interacmar) edema, fiequently with leukocytic 
infiltration *■ 2 ’ 3 - 4 - 6 ' 10 According to Archibald the lesion results from a reflux 
of bile into the pancreatic ducts , Elman thought it might be caused by a tran- 
sient obstruction to the main pancreatic duct The relationship of acute pan- 
el eatic edema to pancreatic necrosis has been a subject of contention Zoepffel, 
Stetten, Bachy and Penin were of the opinion that edema of the pancreas was 
an eaily stage of acute necrosis Nordmann 14 described several cases, observed 
both at early operation and at autopsy, which progressed from an edematous 
type of lesion to one of necrosis Schmieden and Sebenmg , 15 Archibald, 
Leveuf , 10 and May , 12 while agreeing that edema may be an early stage of 
necrosis, thought it frequently subsided without progression to fat necrosis 
Walzel , 17 and Polya (cited by Leveuf 10 ) were not convinced of this relation- 
ship, but felt that acute edematous pancreatitis was a benign lesion which 
subsided spontaneously without progression to necrosis Because our cases 
lack surgical or postmortem confirmation we are not prepared to venture a 
definite opinion on the lelationship of transient acute pancreatitis to acute 
panel eatic necrosis Using only clinical observations as the criteria upon 
which we based our conclusions, we are inclined to the opinion that progres- 
sion to necrosis does occur, but the process can be interrupted spontaneously 
during any stage 

We have confined oui case reports only to those cases which we feel fall 
into the group of transient acute pancreatitis Cases of the necrotic, hemor- 
lhagic or suppurative type, of which we have had several, have been excluded 
From the records of the Jewish and City Hospitals, St Louis, during the 
past three years, we have collected 21 cases whose symptoms and laboratory 
findings bear sufficient lesemblance to the cases of Zoepffel, Katsch , 18 Archi- 
bald, Stetten, Elman, and others to wariant inclusion in this classification 

CASE REPORTS 

Case 1 — E U , female, age 43, entered the City Hospital May 10, I935> com- 
plaining of excruciating pain in the upper abdomen of one day’s duration, accompanied 
by intense nausea and vomiting and followed by jaundice Temperature 988° F , pulse 
1x2, leukocyte count 12,000 

Examination disclosed a distinct icterus There was generalized abdominal tender- 
ness, most marked in the epigastrium Muscle guard was limited to the epigastrium 
Laboiatoiy Data The blood diastase, determined on admission by Somogyi's method, 
was 1,500, an extremely high level (see discussion on blood and urinary diastase, P 
1037), but the following day it dropped to 168, a normal value, and there was an almost 
complete subsidence of pain Blood sugar 74 mg A plain roentgenogram of the 
abdomen revealed nothing significant Cholecystograms failed to visualize the gall- 
bladder On May 21, 1935, the symptoms and abnormal physical findings having 
completely subsided, the abdomen was explored 

Opeiation — A thin-walled gallbladder containing a few cholesterol stones was found 
The pancreas appeared normal both grossly and microscopically Cholecystectomy an ^ 
appendicectomy were performed The postoperative course was uneventful , and the 
patient was discharged June 2, 1935 
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This is a case of biliaiy tiact disease complicated by a tiansient attack of 
acute panel eatitis The fact that operation at a late date revealed no pancreatic 
pathology is of no significance since the panel eas usually reverts to a normal 
histologic appearance within seveial days aftei the attack 

Case 2 — S C, female, age 31, was operated upon in the Jewish Hospital April 25, 
1935 In 1933, this patient had had an attack of sharp, sudden, severe upper right 
quadrant pain These attacks had recurred several times during the next two years 
On April 25, 1935, a cholecjstectomj and choledochostomy were performed, and several 
small stones were recovered from the choledochus At that time no diastase determinations 
were made 

Postopeiahve Cota sc — Two weeks attei the operation the blood diastase was 56, 
there had been no previous determinations made The patient was readmitted June 21, 
1935, complaining of severe, sharp epigastric pain wdnch had begun the day before, 
associated with nausea and vomiting During the night the pain had become less sharp 
in character, but continued as a constant soreness and radiated to the right costovertebral 
angle Temperature 101 4 0 F , pulse 108, leukocyte count 12,600 There was marked 
epigastric and upper right quadrant tenderness but little rigidity The liver was en- 
larged two fingerbreadths below' the costal margin There was a faint icteric tint to 
the skin Labo)ato>y Data — On June 22, 1935, the blood diastase wms 708 By June 25, 
1935, most of the symptoms had subsided, and the blood diastase had dropped to 100 The 
icteric index was 15 The patient was discharged June 29, 1937 

Whether the recent attack of pam was due to a transient panel eatitis or 
to a combination of a tiansient panel eatitis and an ovei looked choledochus 
stone was not ascei tamed The biliary tract must, however, be considered 
the etiologic factor of the pancreatitis The impoitance of panci eatitis as a 
cause of recurrent pam following cholecystectomy has been previously pointed 
out by Elman 


Case 3 — H M , male, age 69, was admitted to the City Hospital December 2, 
I 935 f complaining of epigastric pain of a week’s duration Tw'O days before admission 
the patient had noticed the appearance of jaundice, and the following day the pam 
became more intense and sharper in character and vomiting began There was intense 
itching of the skin Temperature 100 2° F , pulse 76 , leukocyte count 24,200 

Examination disclosed moderate tenderness and slight rigidity in the upper right 
quadrant and epigastrium Laboiatoiy Data On January 4, 1935, the blood diastase 
was 660, blood sugar 99 mg , icteric index 90, and the pain had largely subsided The 
0 0Win & day the diastase had dropped to 150 Operation was refused and the patient 
was discharged December 8, 1935 

Case 4 — W x , male, age 60, was admitted to the City Hospital January 29, 1936, 
complaining of a sudden attack of severe epigastric pain, which had begun 12 hours 
Previously The patient had had “stomach trouble” for ix years, consisting mostly of 
epigastric discomfort two to three hours after meals , there had not been any hematemesis 
or tarry stools No diastase determination was made at the time of admission A 
Preoperative diagnosis of perforated peptic ulcer was made and an emergency operation 
Per ormed No ulcer was found The liver was moderately swollen and biopsy revealed 
a rni acute hepatitis No mention of the pancreas was made 

&msm°d°^ e>atWe Co!l>se ~ The P atient was readmitted June 5, 1936, complaining of 
PanTiT’ SCVere ’ shar P- cramp-like epigastric pains of several hours’ duration accom- 
le by vomiting Temperature 99° F , pulse 80, leukocyte count 30,000 Evamma- 
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tion revealed marked tenderness and moderate rigidity in the epigastrium Laboiatoiy 
Data The blood sugar was 70 mg The following day, after slight improvement had 
occurred, the diastase was 400 By June 8, 1936, the diastase had dropped to 66, and 
the blood sugar was 154 The patient was discharged June n, 1936 

This patient probably had two major attacks of acute pancreatitis While 
a major lesion of the bile ducts and gallbladdei seems to have been ruled out, 
the microscopic appeal ance of the temoved livei tissue, in conjunction with 
the high diastase and blood sugai values obtained aftei subsidence of the 
attack, suggest some degiee of livei involvement (See the discussion on the 
lelation of acute pancieatitis to bihaiy tract disease, p 1041 ) 

Case 5 — S H, male, age 50, was admitted to the Jewish Hospital February 17, 
1936, five hours after the onset of generalized abdominal pain, most marked m the 
epigastrium, accompanied by severe vomiting An appendicectomy had been performed 
two years previously for an attack of lower right quadrant pain, otherwise there had 
been no previous abdominal complaints Temperature 98° F , pulse 96, leukocyte count 
16,000 

Examination disclosed moderate, upper right quadrant and epigastric tenderness 
and slight epigastric rigidity Laboiatoiy Data The urine showed a three plus sugar 
and a trace of albumin The day after admission the blood diastase was 1,250 Simul- 
taneous urinary diastase was 4,575 The blood sugar was 108 mg The following day 
there was a moderate improvement in symptoms, and the blood and urinary diastase 
determinations were respectively 136 and 1,150 A plain roentgenogram of the abdomen 
revealed nothing significant On February 21, 1936, after all symptoms had disappeared, 
the blood diastase was xoo The patient was discharged 

Case 6 — E M, female, age 56, was admitted to the City Hospital September 11, 
1936, complaining of intermittent cramp-like epigastric pains of three days’ duration 
accompanied by vomiting and slight jaundice For the past 25 years the patient had 
had less intense attacks of similar pain Temperature 996° F , pulse 90, leukocyte 
count 7,550 

Examination elicited moderate epigastric and upper left quadrant tenderness and 
some rigidity Laboiatoiy Data The following day, September 12, 1936, the blood 
diastase was 2,000, blood sugai 64 mg Two diastase determinations, on January 13. 
1936, showed 600 The following day the patient left the hospital, preventing further 
studies Her symptoms had completely subsided 

Case 7 — L B, male, age 42, was admitted to the City Hospital September 18, 
1936, with a history of intermittent, kmfe-like epigastric pain for five days, which, how- 
ever, had become more intense during the past ten hours The patient had been a 
heavy drinker for several years, and was intoxicated when the present illness began 
Temperature 97 0 F , pulse 120, leukocyte count 13,000 

Examination showed a middle aged male writhing with pain, and the skin was cold 
and clammy There was marked tenderness and moderate rigidity in the epigastrium 
Laboi ato) y Data The blood diastase taken shortly after admission was 750 The fol- 
lowing day the pain became more generalized and a slight jaundice appeared The 
blood diastase was 666, blood sugar 120 mg Two days later, after considerable symp- 
tomatic improvement, the diastase was 132, and the icteric index 100 On September 
23, 1936, the diastase had remained the same, but the icteric index had fallen to 4 ° 
Cholec> stograms, September 2S, 1936, revealed a normal functioning gallbladder The 
patient was discharged October 3, 1936 

The histoiy of alcoholism complicates this case In addition to the piesence 
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of an acute panel eatitis the patient piobably also had a toxic hepatitis which 
may have accounted foi the appeal ance of jaundice 

Case 8 — F S , female, age 68, was admitted to the City Hospital October 19, 1936, 
with a history of intermittent, generalized abdominal cramp-like pains of one day’s dura- 
tion, during the last few hours they had become more constant Several similar, but 
much milder, attacks had occuiied during the preceding few years Temperature 
102 4 0 F , pulse 130 , leukocyte count 14,500 

Examination showed a markedly obese, elderly female, with labored respirations, 
resulting from the pain, and perspiring freely A slight degree of icterus was noted 
There was moderate epigastric and upper light quadrant tenderness and slight rigidity 
A sensation of fulness m the left hypochondrium was noted Laboiatory Data On 
the day following admission the blood diastase was 600, blood sugar 103 mg , icteric 
index 50 On October 21, 1936, much sjmptomatic improvement occurred, and the 
blood diastase dropped to 180 Further work-up was refused and the patient was 
discharged 

Case 9 — T C, female, age 51, was admitted to the Jewish Hospital February 18, 
1936, 24 hours after the onset of sharp epigastric pain which radiated to the inter- 
scapular region, and was accompanied by vomiting and severe headache For two years 
she had had recurrent attacks of epigastric and upper right quadrant pain of a less 
severe chaiacter, which were interpreted as originating from a pathologic gallbladder 
This diagnosis was substantiated bv a cholecystographic examination which revealed a 
poorly filling and moderately enlarged gallbladder Temperature 986° F , pulse 86, 
leukocyte count 12,000 There was no icterus 

E lamination elicited marked epigastric and moderate upper right quadrant tender- 
ness and rigidity The liver was enlarged two fingerbreadths below the costal margin 
Laboiatoiy Data On February 19, 1936, 12 hours after admission, the blood diastase 
was 1,155, blood sugar 86 mg The following day there was a notable improvement 
in her symptoms and signs, and the blood diastase dropped to 250 The urinary diastase 
at that time was 1,250 Sugar tolerance test gave a normal curve On February 24, 
1936, the blood diastase was 167 Five davs later she was discharged 

The patient was readmitted August 3, 1936, with a similar, but more colicky attack 
of epigastric pain of 12 hours’ duration Temperature 986° F , pulse 86, leukocyte 
count 13,400 Her physical findings were similar except that, in addition, left costo- 
vertebral tenderness was noted Laboiatoiy Data Blood diastase determined the day 
following admission was 1,500, and the urinary diastase 3,000 After symptomatic im- 
provement, two days later, the blood diastase fell to 220 Cholecystograms, September 
7, 1936, showed no gallbladder visualization 

Opeiatwn — September 11, 1936 A celiotomy was performed The gallbladder was 
removed and was found to contain many small, faceted cholesterol stones The dilated 
choledochus contained several similar stones, and was drained The pancreas was mod- 
erately enlarged and indurated, but no biopsy was taken The postoperative course was 
uneventful 

This case piesented two major attacks of acute pancreatitis of unques- 
tioned biliary tract origin The absence of obstructive common duct signs at 
any time is of interest in view of the finding of choledochus stones 

Case 10 — J R, male, age 47, in 1928 had a cholecystectomy performed, at the 
Jewish Hospital, for a pathologic, calculous gallbladder Four years later he developed 
3n attack of u PPer right quadrant pain, suspicious of biliary tract colic The following 
>ea r (1933), after having had several similar attacks, he was reoperated The common 
| e duct was thoroughly explored but no stones were found One section of the 
c i° edochus presented a suggestive constriction Since then similar recurrent attacks 
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of pain accompanied by vomiting, but without jaundice, have occurred His most 
recent attack began on November 18, 1936 Two days later, after most of his symptoms 
had subsided, the blood diastase was 213 , blood sugar 98 mg Two urinary diastase 
determinations were 5,333 and 4,570 The following day the blood diastase had dropped 
to 94 and the urinary diastase to 1,600 and 1,450 On November 27, 1936, the blood 
diastase was 107 and the urinary diastase 800 and 460 

It is probable that most, if not all, of this patient’s recuirent attacks of 
epigastnc pain following cholecystectomy weie the result of transient attacks 
of acute pancreatitis While the initial blood chastase detei mination was not 
unusually high, it having been taken duiing the lecession of the attack, the 
urinary diastase, which lags in its changes behind the blood diastase, was still 
considerably elevated This indicates that the blood diastase was higher in 
the earliei stages of the attack than at the time it was determined 

Case 11 — I K, female, age 32, was admitted to the Jewish Hospital January 17, 
1937, with a history of intermittent, moderately severe colicky pains in the epigastrium 
and upper right quadrant of four days’ duration, radiating to the interscapular region 
Vomiting and flatulence were prominent symptoms During the previous five years there 
had been several similar but less severe attacks Temperature ioi° F , pulse 90, leu- 
kocyte count 12,900 The skin was slightly icteiic 

Examination elicited moderate epigastric and upper right quadrant tenderness and 
rigidity The following day most of the symptoms and signs had subsided Laboiatoiy 
Data The blood and urinary diastase determinations were respectively 400 and 6,400, 
blood sugar 112 mg The following morning the blood diastase had dropped to no 
Cholecystograms showed no gallbladder shadow A plain roentgenogram revealed sug- 
gestive evidences of calculi The patient was discharged January 22, 1937 

Case 12 — B G , male, age 67, was admitted to the City Hospital March 23, i937> 
with a history of sudden, severe, sharp epigastric pain of four days’ duration followed 
by jaundice Since the onset, the pain had become less severe but intermittent recur- 
rences of a colicky nature occurred Several years previously the patient had had a 
similar attack Temperature 100 2 0 F , pulse 100, leukocyte count 18,200 A distinct 
icteric tint to the skin was noted 

Examination elicited moderate epigastric and upper right quadrant tenderness but 
no rigidity The patient was apparently improving at the time he was admitted Laboi a- 
toiy Data Blood diastase values, determined in the morning and afternoon, were respec- 
tively 600 and 392, blood sugar 123 mg , there was no glycosuria The following day 
the diastase fell to 240, but the blood sugar rose to 176 and the urine showed a four 
plus sugar reaction The patient was discharged March 21, 1937, no further work-up 
having been permitted 

The appearance of hyperglycemia and glycosuria during the fall in blood 
diastase is not an uncommon occurience It can be explained on the assump- 
tion that a certain amount of liver damage has occurred (See discussion 
under carbohydrate tolerance, p 1041 ) 

Case 13 — I T , female, age 39, was admitted to the City Hospital April 17, 1937, 
complaining of intermittent, severe colicky pains in the epigastrium and right upper 
quadrant of eight days’ duration radiating to the right scapula Nausea was severe, 
but vomiting had occurred only once on the day before admission A number of 
similar but less severe attacks had occurred during the previous 15 years Temperature 
99 4° F , pulse 76, leukocjte count 12,300 

Examination showed the edge of the liver three fingerbreadths below the costal 
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margin , it was quite tender Model ate tenderness and slight rigidity in the epigastrium 
were present By April 19, 1937, some improvement had occurred Laboiatoiy Data 
April 19, 1937 The blood diastase values morning and afternoon were respectively 
1,396 and 7S0, blood sugar 78 mg , ictenc index 3 By March 24, 1937, blood diastase 
had fallen to 60 Three days later cholecystograms revealed a normal functioning 
gallbladder, and the patient was .discharged 

Case 14 — E H , female, age 60, was admitted to the City Hospital April 30, 1937, 
complaining of an attack of excruciating upper abdominal pain of six hours’ duration 
radiating to both scapular legions and accompanied by vomiting Temperature 97 8° F , 
pulse 98, leukocyte count 8,640 The lespirations weie labored 

Examination elicited marked tenderness of the entire upper abdomen, but no rigidity 
Laboiatoiy Data May 1, 1937 The morning and afternoon blood diastases were re- 
spectively 1,998 and 1,710, blood sugar 122 mg The following day there was con- 
siderable symptomatic improvement and the diastase was 1,092 By May 3, 1937, the 
patient was greatly improved, the blood diastase had fallen to 168, and she was dis- 
charged 

Case 15 — F K, female, age 45, was admitted to the Jewish Hospital February 11, 
1935, complaining of sudden, severe epigastric cramping pain of ten horn s’ duration 
accompanied by vomiting Tempei ature 996° F , pulse 95, leukocyte count 20,250 

Examination elicited a moderate amount of tenderness confined entirely to the 
epigastrium, but no rigidity The following day there was some symptomatic improve- 
ment, but a moderate tenderness persisted Laboiatoiy Data The blood diastase at 
that time was 570 and the blood sugai 196 mg No glycosuria was noted On February 
M. I 935. a sugar tolerance test showed a markedly diabetic curve, and the patient was 
placed on a diabetic regimen At that time, except for slight residual epigastric 
tenderness, the symptoms and signs had subsided On February 16, 1935, the blood 
diastase was 1S0, blood sugar 74 Cholecystogiams, February 27, 1935, revealed a 
normal functioning gallbladder A second sugar tolerance test, February 28, 1935, showed 
a better carbohydrate tolerance The patient was discharged March 7, 1935 A sub- 
sequent sugar tolerance test showed a normal curve 


This case offeis an excellent example of the deci eased carbohydrate toler- 
ance sometimes associated with an attack of acute pancreatitis (See discus- 
sion under caibohydiate toleiance, p 1041 ) While this patient was at first 
considered diabetic, subsequent analyses did not bear out this conclusion 


Case 16 — S C, female, age 68, was admitted to the Jewish Hospital April 26, 
1937, for study following a series of attacks of upper right quadrant pain radiating to 
the right shoulder and back These attacks began several months after a cholecystostomy 
had been performed, five years before, for acute gangrenous cholecystitis She was a 
no\vn diabetic, and had been well controlled under a dietary regimen 

Subsequent Com sc and Laboiatoiy Data — On admission the blood diastase was 
4, blood sugar 151 mg Two days after admission cholecystographic examination 
Slowed a poorly functioning gallbladder containing questionable calculi On the night 
0 April 29, 1937, she developed an attack of severe upper right quadrant and epigastric 
Pam radiating to the mterscapular region Temperature 996° F , pulse 80, leukocyte 
count 9450 The following morning the blood diastase was 1,600, urinary diastase 

\v' 7l4 ’i W ° 0d Sugar M a y C I 937> the symptoms had subsided and the patient 

Was discharged No further diastase determinations were made 

This attack, which by most observers would be considered an attack of 
l5 aiy colic, was probably of panci eatic ongm 

COni < T aSe I7 ~~ F R> male, age 75, was admitted to the City Hospital May 7, 1937, 
P ammg of severe, sharp upper abdominal pain of six hours’ duration accompanied* 
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by vomiting Similar previous attacks had occurred during the preceding seven months, 
during which time roentgenologic examination of the gallbladder gave inconstant find- 
ings Temperature 996° F , pulse 100, leukocyte count 15,800 

Examination showed the entire upper abdomen, particularly the epigastrium, to be 
extremely tender Muscle guard was noticed only in the epigastrium Laboiatoiy Data 
The blood diastase values m the morning and afternoon were respectively 1,200 and 918, 
urinary diastase 8,040 The icterus index was 50, blood sugar 109 mg During the 
following few days there was a giadual improvement in symptoms and signs By 
May 10, 1937, the blood diastase had dropped to 150 and the following day to 120 The 
icterus index was then 60 The gallbladder was not visualized on cholecystography 
The patient was discharged May 22, 1937 

Case 18 — A G, female, age 65, was admitted to the Jewish Hospital May 10, 1937, 
36 hours after the onset of an attack of severe, generalized abdominal pain accompanied 
by vomiting The pain persisted as an intense aching, interrupted at frequent intervals 
by kmfe-like thrusts m the epigastrium Temperature 100 4 0 F , pulse 96, leukocyte 
count 22,450 

Examination elicited extreme tenderness and moderate rigidity in the epigastrium 
and upper right quadrant, the rest of the abdomen was less tender Laboiatoiy Data 
The blood diastase on admission was 1,778, blood sugar 109 mg The following day 
there was much symptomatic improvement but upper abdominal tenderness persisted 
The blood diastase fell to 376, and the urinary diastase was 4,286 The abdominal 
symptoms had entirely subsided by May 14, 1937 The following day there was an 
elevation of temperature and pulse, and the patient complained of pain and dyspnea 
Signs of fluid in the chest were found and roentgenologic examination showed a bilateral 
hydrothorax This gradually cleared up spontaneously Cholecystograms, May 19, 1937, 
showed poor gallbladder visualization By May 21, 1937, the blood diastase had fallen 
to 278, and the urinary diastase to 800, on May 24, 1937, the blood diastase was 147 
The patient was discharged May 26, 1937 

Case 19 — H P, male, age 65, was admitted to the City Hospital June 29, 1937, 
six hours after the onset of an attack of excruciating upper abdominal pain which bore 
little resemblance to his previous epigastric discomfort It began, just before the time for 
his evening meal, as an aching pain, and within two hours had become so sharp and 
penetrating that it caused him to “double up” Vomiting had occurred once An at- 
tack of similar nature was recalled as having occurred two years previously Tempera- 
ture 996° F , pulse 80, leukocyte count 7,100 The patient gave a history suggestive 
of the presence of a peptic ulcer of at least eight months’ duration, characterized by a 
gnawing epigastric pain coming on one-half to one hour after each meal, which could 
always be relieved by the ingestion of food or alkalis 

Examination elicited marked tenderness of the entire upper abdomen, particularly 
the epigastrium A tentative diagnosis of perforated peptic ulcer was made, but roent- 
genologic examination showed no evidence of pneumoperitoneum Laboiatoiy Data 
Blood and urinary diastase determinations, soon after admission, gave values respectively 
of 2,400 and 24,000, blood sugar 158 mg That afternoon the blood diastase was 3,000 
The following day there was considerable improvement in symptoms Moderate epigas- 
tric tenderness was still present, but no rigidity was noted The blood diastase had 
fallen to 990 By July 2, 1937, the symptoms had completely subsided and the blood 
diastase had fallen to 120 Gastro-intestinal and cholecystographic roentgenograms 
showed no abnormal findings The patient was discharged July 9, 1937 

Although the suggestive ulcer history cannot be completely disregarded 
in this case, the present attack resembled most closely one of transient acute 
pancreatitis We are of the opinion that the diastase determinations saved 
this patient from a celiotomy 
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Case 20.— B S , female, age 66 , was admitted to the Jewish Hospital September 
20, 1937, ten hours after the onset of an attack of sudden, severe generalized abdominal 
pam mostly localizing m the uppet right quadrant and epigastrium Vomiting had 
occurred once Temperature 99 4 0 F , pulse 88, leukocyte count 19,300 

Examination elicited diffuse abdominal tenderness and rigidity, which was most 
marked m the epigastrium and upper right quadrant Roentgenologic examination 
showed no evidence of subdiaphragmatic air ot intestinal patterning Laboiatoiy Data 
Blood and urinary diastase determinations weie respectively 3,780 and 12,500 The 
following day there was considerable symptomatic relief, but tenderness in the upper 
right quadrant persisted At that time the blood diastase was 2,370, blood sugar 88 mg , 
icterus index 15 On September 23, 1937, the blood diastase fell to 226, and the pam 
had completely subsided On September 27, 1937, the patient developed another attack 
of a similar but less severe nature, and some jaundice was noted The following day 
the jaundice was more intense, and the icteric index was 40 The blood diastase showed 
an increase to 985 By September 30, 1937, the second attack had subsided, the jaundice 
disappeared, the blood diastase had fallen to 1S0 The patient was discharged 

Case 2i — E L, male, age 33, was admitted to the Jewish Hospital November 17, 
1937, for study following a series ot attacks of upper abdominal pain suggestive of gall- 
bladder disease Two months previously the blood diastase had been normal The 
day before admission some jaundice was noted Cholecystograms revealed a poorly out- 
lined gallbladder with questionable calculi The day after admission the patient de- 
veloped an attack of moderately severe, sharp epigastric and upper right quadrant 
pam The temperature and pulse were normal, leukocyte count 12,000 

Laboiatoiy Data — The blood diastase was 1,113 By November 19, 1937, the at- 
tack had subsided, and the blood diastase had fallen to 169 The patient was dis- 
charged November 23, 1937 

The clinical featuies of the cases cited aie not sufficiently distinctive at 
the time of admission to suggest readily a diagnosis of transient acute pan- 
el eatitis Most characteristically the attack begins with sudden, severe upper 
abdominal pam radiating at times to a corresponding area on the back or to 
either shoulder Nausea 01 vomiting may 01 may not be present Depending 
upon the seventy of the attack, signs of shock may be demonstrable Occa- 
sionally there is a history of similar previous attacks Examination usually 
reveals marked tenderness of the upper abdomen and ngidity of varying 
degrees Early m the attack the temperature and pulse are usually normal , 
later they may be elevated The leukocyte count is usually high It can 
leadily be seen that such a picture, one which may accompany several upper 
abdominal and even extra-abdominal disorders, is hardly conducive to more 
than consideration of the possibility of acute pancreatitis One must, there - 
foie, rely upon laboratory studies to help establish a diagnosis 

Such tests as the adienalm-mychiasis test 20 ’- 1 ’ 22 0 f Loewi, examination 
of the panel eatic ferments by intubation of the duodenum , 24 ' 18 - 23 * 25 deter- 
mination of the lipase m the blood stream, 20 ’ 24> ls ’ 2S > 27 > 30 > 25 > 13 and of 
trypsin in the stool , 34 ’ 18 examination of the fat contents of stool after in- 
gestion of a test meal , 24 have given inconstant values, proven too slow of 
detei mmation or impossible to perform on a patient so acutely ill 

Blood and Urinary Diastase — The presence of diastase in the circulating 
blood and m the unne has been known for many years There has accumu- 
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lated m the liteiatme particularly dui mg the last 35 years a mass of experi- 
mental data and clinical observations on diastase, much of which presents 
conflicting and confusing results and opinions Many of the contradictory 
results of the eaiher investigations, upon the origin and significance of the 
diastase, weie probably due to diffeiences and maccuiacies in the methods 
of detei mination, and should, theiefore, be accepted only after thorough 
deliberation Most investigatoi s have now adopted the starch-sugai reduction 
method fiist performed on dogs by Kaufmann, 29 and on man by Moeckel 
and Rost, 31 and thereaftei frequently modified Even with a standardization 
and simplification of procedure, variability in staich prepaiations lesulted in 
some errois m diastase determination The use of soluble starch is one 
cause of conflicting lesults, since soluble staich shows gieat variations in 
composition, and, as a consequence, different starch preparations give diffei- 
ent results with the same amount of diastase The mam source of errors 111 
the older methods, according to Somogyi, 19 * 32 is failure to recognize the 
kinetic laws of enzymatic leaction In Somogyi’s method, which we have 
used in 0111 diastase determinations, due consideration is given to these fac- 
tors, and one obtains consistent and leproducible results Normal blood dia- 
stase values obtained with this method lange between 80 and 180, meaning 
that 1,000 cc of blood plasma incubated with staich foi 30 minutes, undei 
standard conditions, produce 1 educing substances that reduce as much coppei 
as 80 to 180 mg of glucose 

Diastase in Panaeatic Involvement — Wohlgemuth 33 pointed out that the 
diastatic activity of the urine was mci eased in acute pancreatic disorders 
Similar mci eases during panel eatic disorders in the unnary or blood diastase, 
or both, have been obtained by many investigators, including Hirschberg, 34 
Benczui, 33 Marino, 30 Lindemann, 37 Katsch, 18 Elman, 38 Elman, Aineson, and 
Giaham, 39 Poppei, 40 Bern hard, 11 Muslim, 42 Rost, 43 Bianisteanu and Bou- 
tioux, 44 Foged, 43 Hendeison and King, 46 Vianna, 10 Mahner, 13 and Trasoif 
and Scai f 47 Increased diastatic activity has also been obtained in experi- 
mental acute pancreatitis produced by injecting, without piessuie into the 
pancreatic ducts, a variety of chemicals, bacterial suspensions, and bile 2 9 4S 
Further confirmatory evidence that the pancreas is involved in the pioduction 
of diastase was obtained by ligation of the pancreatic ducts, 49 50> 51, 52 53 34, 
which proceduie practically unifoimly lesulted in a rapid rise of the blood 
diastase lasting seveial days after which there was a return to normal 
Sinnlaily, expenmentally induced trauma to the panel eas has lesulted in in- 
creased diastase values 50 52> 57 - 55 That the rise of blood diastase following 
ligation of the panel eatic ducts is due to a backing up of the ferment and 
absorption into the blood stream, and the subsequent fall consequent to 
atrophy of the secreting cells seems quite certain 49 50 The rise associated 
with trauma of the pancreas is probably the result of destruction of acinar 
membranes, diffusion of diastase into the interstitial tissue, and absorption into 
the blood stieam It is veiy likely that the rise associated with acute pan- 
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cieatitis is due to a combination of these factors, mflammatoiy or spastic 
occlusion to the duct system and interstitial absorption of diastase 

That the panci eas is not the sole source of blood diastase seems leason- 
ably ceitam Complete panci eatectomy does not result in a permanent ab- 
sence of cn dilating diastase On the conti ary, after an initial drop in the 
diastase following panci eatectomy there is usually a leturn to normal or 
slightly subnoi mal levels 5S - 50 - 30 - 32 ’ 001 01 * 02 Some investigates 03 - 04 have 
found little or no change following panci eatectomy , others 05 - 06 have found 
even an mciease Fuithermoie, atiophic changes m the secreting cells fol- 
lowing ligation of the panci eatic ducts aie not accompanied by a permanent, 
and seldom by a tempoiary, deciease in the diastase 51 - 48 - 35 Considerable 
evidence, discussion of which is out of the scope of this papei, has accumu- 
lated to consider the livei and muscle tissue as the possible additional source 
of cu culatmg diastase The pancreatic diastase (as well as lipase and trypsin) 
seems to entei the blood stream only aftei ceitam damages to the gland, such 
as acute inflammation and trauma 

Foi piactical pui poses we may conclude that normal individuals maintain 
a fairly constant level of blood diastase, 07 - 24 10,53 that different individuals 
show vanations of as much as ioo pei cent within the normal limits , 3S - 52 - 
os- go, lo t j iat c i ias |; ase 1S excreted in the urine with little diurnal vat lation , 70 - 
G7, 2 i 32 t j iat physiologic functions, such as food ingestion, exercise, and sleep, 
have little effect on the diastatic values of the blood , 63 - 05 - ° 7 - 71 - oe - 72, 73 that 
the blood-unne diastatic ratio is quite constant except when the lenal func- 
tion is dei anged, m which case the blood diastase is increased and the urinary 
diastase decreased or unchanged , 74 - 75, 24, 70 T2 - 77, 44 that following a rise m 
the blood diastase, unless there is an impaiiment of kidney function, there 
results in two to five hours a coriespondmg use m the urinary diastase 34, 24, 72 

Iuipoitance of Diastase in Diagnosis of Acute Pancreatitis — Since blood 
diastase values remain so constant m normal individuals, the sudden maiked 
rise associated with acute pancreatic disease is highly significant Unger and 
Huess, 78 Walzel, 17 Kaczandei, 70 Bemhaid, 80 Peteison, 81 and Mahnei 13 have 
expressed the belief that elevated diastase values aie always indicative of 
acute panci eatic disease With this statement we can agree, provided that a 
clinical picture resembling acute pancreatitis is associated During routine 
diastase detei initiations on several hundied admissions to the Jewish Hos- 
pital, we have noted a few peisistently high diastase values without obvious 
cause High blood diastase values have also been obtained m cases of renal 
iropanment Furthermore, our records reveal seveial high diastase values 
in cases of peptic ulcer perforating acutely into the pancreas 114 Excepting 
peiforations of this type, in no other common condition confusable with 
acute pancreatitis, has there been demonstrated an mciease m the blood dia- 
stase Oui many diastase deteinunations lead us to conclude that repeated 
noimal blood diastase determinations made early during the height of an 
attack of acute upper abdominal pam exclude the pancreas from considera- 
tion We make this statement with the full knowledge that there have been 
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thiee isolated repoits of single cases of acute panel eatitis accompanied by 
noimal unnaiy diastase values, 82,45 13 in none of these cases was the diag- 
nosis confinued by tissue examination, noi was the absence 01 piesence of 
lenal impairment mentioned 

The usefulness of diastase detei ruinations in helping to establish a diag- 
nosis of acute tiansient disease of the panel eas can be unpaired if one is not 
careful to make eaily and lepeated deteimmations Foged 45 and Elman' have 
pointed out that as eaily as 36 houis aftei the onset of an attack of acute 
panel eatitis, and almost simultaneously with the disappearance of symptoms, 
the blood diastase may leveit to normal Our expenence has been sinnlai 
(Cases 1, 3, 5, 8, 11) Most clinics are familial with cases which aie ad- 
mitted as emeigencies, piesentmg symptoms and signs of acute upper ab- 
dominal lesions which rapidly cleai up At times they leave the hospital 
without a diagnosis having been made Sometimes they are uncertainly or 
incoriectly diagnosed acute intestinal obstiuction, biliaiy tiact colic, peiforat- 
mg peptic ulcer, acute appendicitis 01 coionaiy disease If eaily blood dia- 
stase determinations were made on cases of this type, it is veiy likely that a 
numbei would show elevated diastase values, thereby dnecting attention to 
the pancreas We are of the opinion that the role of the panci eas in the 
pioduction of epigastric pam has been fiequently disiegarded The impor- 
tance of daily, and sometimes twice daily, deteimmations can haidly be over- 
estimated Subsequent values 1 effect on the progression or retiogression of 
the attack 

Most investigators have made it a mattei of personal choice as to whether 
diastase determinations should be made on the blood 01 on the mine Of 
course, it would be prefeiable to do both, but fiequently this is impiactical 
When theie is a choice, blood deteimmations are preferable for several 
leasons Normal blood diastase fluctuates less widely than noimal urinai y 
diastase The lattei vanes between 200 and 800 and shows considerable 
megulai diuinal variation Furthermore, derangement of renal function, 
undetected duiing an emeigency, might mask the appioxnnate level of the 
cu dilating diastase On the other hand, since the 111 inary diastase follows 
fluctuations in the blood by a lag of seveial houis, 111 inary diastase deter- 
minations may furnish valuable information if made during the subsidence of 
an attack In this condition the unitary diastase may remain elevated aftei 
the blood diastase return to normal Case 10 is an example of the importance 
of unnaiy diastase determinations dui mg the subsidence of an attack 

There seems to be no constant lelationship 111 our cases between the 
severity of an attack and the level of diastatic activity F01 example, Case 6 
which was only of modeiate severity had a maximum diastase of 2,000, while 
Case 4 which presented very severe symptoms had a maximum diastase of 
400 These findings are in agieement with those of Walzel, 17 Pribram, 8 * 
and Mahner 13 They may be best explained by piesuming that the determina- 
tions weie made during different stages of the attack The histones of our 
cases do not clarify this point 
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Relation to Disease of Biliary Tiact — It is a fact that many cases of 
acute patici eatitis p lesent signs and symptoms of piecedent or concurrent 
bduuy tiact disease 4 > 13 - 84 ’ 2 - ss > SG * 4 * S7 - 9 ' 8S ' 89> 00> 01> 46> 7> 25 At least half of 
oui cases piesented unmistakable signs of biliary tiact disease, and several 
more have given piesumptive evidence of this relationship On the surface, 
this association would seem to confuse the differential diagnosis Nevertheless, 
biliaiy tract disease pel se is not accompanied by an elevated blood diastase 
On the conti aiy, many cases of biliary tract disease when associated with 
mipaned hvei function piesent, accoiding to Somogyi, 10 subnormal diastase 
values This obseivation has been so constant, that m our laboratory the 
blood diastase has attained somewhat the status of a liver function test 
Since the majority of the cases of acute panel eatitis have some lelationship 
to biliary tiact disease, one would expect to find at times evidence of im- 
plied liver function Unfortunately the diastase increases that occur m 
acute pancreatitis are of such magnitude as to cover up completely the 
deci ease that might lesult from the concurrent impanment of liver function 
The decreased caibohydiate toleiance which occasionally occurs m these cases 
furnishes additional evidence of liver impairment We aie of the opinion 
that when a patient with biliaiy tiact disease suddenly develops an elevated 
blood diastase one should be highly suspicious of the presence of pancreatic 
involvement 

Carbohydrate Tolerance — Seveial investigators have noted that acute 
pancreatitis is fiequently associated with hyperglycemia and glycosuria 1 2> ° 2, 
i, 4 i, 03 , 94 , os os £ ut man y caS es 0 f acute pancreatitis occur without glyco- 
suria Henderson and King 40 noted glycosuria in only four of 6o cases, 
Love 21 m three of 30 cases, Walzel 17 m 10 per cent of his cases, and Elman 4 
m six of 37 cases DeKlimko 23 found an absence of reducing sugar m the 
urine of 19 cases Vianna 10 thought glycosuria was a lare occiurence We 
have made blood sugar detei mmations on all our cases While an increase 
has been noted in seveial instances, it has not occuried with sufficient fre- 
quency to asenbe gieat significance to it The emergency nature of many 
of these cases renders the securing of a fasting blood specimen at tunes im- 
practicable While we do not consider it an indispensable pait of our diag- 
nostic armamentarium, we recommend that a blood sugar determination be 
made, since it may add weight to one’s diagnostic conclusions It is interest- 
ing to speculate on the causation of hypeiglycemia m acute pancreatitis It 
is generally assumed that it results from a temporary dysfunction of the 
islands of Langerhans and consequent diminution of insulin Brocq and 
Varangot 94 thought that some of the insulin was destroyed by trypsin Against 
these hypotheses is the well known obseivation that many cases of acute pan- 
creatitis can proceed to complete necrosis of the gland without the occurrence 
°t hyperglycemia We are of the opinion that a more tenable assumption 

■” Studies are now being made combining the simultaneous performance of hippuric 
ac al and diastase tests 
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would be the deciease of carbohydiate tolerance lesulting from the associated 
impaiiment of livei function 

Tteatment — Once a diagnosis of acute pancreatitis has been considered 
likely, it is veiy dubious if the hist examination will distinguish between a 
panel eatitis of the tiansient type or one which will progress to necrosis with 
its accompanying high moitahty The question will then arise as to whether 
the patient should be treated expectantly m an endeavor to establish a more 
accurate diagnosis 01 whethei immediate operation should be peifoimed This 
question cannot be answeied with certainty foi it evokes a discussion of the 
highly conti ovetsial pioblem of the therapy of acute panel eatitis Foi many 
years it has been the custom to opeiate as soon as a diagnosis of acute pan- 
el eatitis was consideied even questionably tenable It was well known that 
acute pancreatitis of the hemorrhagic, neciotic 01 suppurative types has been 
fi aught with an extiemely high moitahty rate Any piocedure that offered 
the slightest chance of reducing this mortality late was eagerly embiaced 
Because evidence greatly favoied the theoiy of leflux of bile into the pan- 
creatic ducts as the mam etiologic agent of acute panci eatitis, 90, 13 3 ’ 85 9T 08 
such operative piocedures as cholecystostomy, choledochostomy, cholecystec- 
tomy, and combined cholecystectomy and choledochostomy were advocated to 
decompiess the biliaiy tract Some surgeons advocated incision and drainage 
of the capsule of the pancreas, oi of the gland itself, to lelieve tension and 
to remove the pioducts and cause of autodigestion Otheis combined biliary 
decompression with panci eatic oi lessei pentoneal cavity drainage Using 
these piocedures Koster and Kasman 99 repoited a moitahty late of 227 per 
cent in 22 cases, and Quick 80 of 38 1 pei cent Brocq 03 noted a 1 eduction or 
moitahty late from 78 pei cent, befoie 1910, to 67 pei cent, since 1910 
Schmieden and Sebenmg, 13 and McWhortei 83 repoited lower moitahty rates 
in eaily operated cases than in unoperated cases Othei obseiveis favoring 
eaily opeiative intervention are Zoepffel, 1 Waring and Gi iffiths, 22 Chamber- 
lain, 100 Oehler, 101 Stetten, 1 Tammann, 9 -’ ICappis, 102 Thomas, 103 Pemn, 0 and 
May 12 

Senous objections have been raised to the pi inciples foiming the basis for 
eaily operative tieatment While many observations attest to the relationship 
of biliary tract disease to acute panci eatitis, its exact nature is not known 
Many cases of acute pancreatitis have been shown to have neither the anatomic 
configuration of the pancreatic and common bile ducts geneially associated 
with these cases, 80 104 so 9 91 noi the clinical findings suggestive of an asso- 
ciated biliary tract disease (Cases 4, 5, 13, 14) Hofhausei (cited by De- 
Khmko-°) has even implanted the pancreatic duct into the gallbladdei without 
causing acute pancreatic disease Furtheimore, it is doubtful if drainage of 
the biliaiy tract could result in establishing patency in a pancreatic duct system 
already impaired by an edematous or inflammatory piocess Drainage of the 
panci eas by incision of the capsule, 01 of the gland itself, can haidly be ex- 
pected to arrest the process of acute panci eatitis Nordmann 14 reported sev- 
eral cases, observed both at early opeiation and at autopsy, that piogressed 
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to complete gland neciosis m spite of what he consideied to be adequate biliary 
and panci eatic diamage Walzel, 105 > 17 Mikkelson, 100 Douglas, 107 and Tel- 
ford 97 have expressed beliefs that panci eatic diamage may fuither damage 
an alieady seveiely compiomised gland, may lesult m seveie hemorrhage, 
piomote massive slough of the gland, 01 may, if the patient survives, estab- 
lish a panci eatic fistula Walzel 105 was emphatic m condemning operative 
interference, he felt that acute panci eatic necrosis was not a bacterial necrotic 
focus that could be ariested by incision and drainage but puiely a chemico- 
biologic piocess Smead 108 thought that opeiation not only did not relieve 
the cause of shock but also added gieatly to the seriousness of the case 
Leveuf, 16 Gregone, 109 and Monoud and Doi, u while admitting that opera- 
tion might be necessaiy to establish an adequate diagnosis, were skeptical of 
its offeimg anything fiom the standpoint of cuie Seveial mvestigatois 
favoring early operative pioceduies did not submit their most acutely ill 01 
moribund patients to opeiation The moitahty figuies foi their conservatively 
treated cases weie, accordingly, abnoimally high Even those mvestigatois 
favoring early operative intervention at times repoited high moitahty rates 
For example, Oehlei, 101 Tammann, 92 and Biocq 95 lepoited mortality rates of 
58, 55, and 67 pei cent lespectively In the hands of other investigators 
lesults of eaily opeiative tieatment boideied on the disastrous Eliason and 
North 110 repoited a moitahty late of 80 per cent in then cases, Henderson 
and King 40 of 50 per cent, Noidmann 14 of 52 pei cent, and Tiasoff and 
Scarf 47 of 75 per cent One is foiced to conclude that the results of eaily 
operative intervention aie highly unsatisfactory At best the recoveiy late 
in acute pancreatic neciosis aveiages no moie than 50 per cent Nor does 
the type of operation seem to influence the ultimate result 

More conservative measuies have, accoidmgly, been adopted by many 
investigators These have vaned from opeiation as soon as signs of shock 
have laigely abated to completely nonopeiative proceduies Koite, 112 
Walzel, 17 Nordmann, 14 Eliason and North, 110 deTakats and Mackenzie, 93 
Bernhaid, 80 Peterson, 81 Hoi me, 88 Plenderson and King, 40 Johns, 91 Smead, 108 
and deKlunko 23 favoied conservative treatment dui mg the period of acute 
symptoms, followed by opeiative exploration of the bihaiy tiact when the 
acute symptoms had subsided Mikkelson, 100 Felsenreich, 113 Rowland, 20 
Pariy and Murray, 89 Einhom, 23 Douglas, 107 Mahner, 13 and Trasoff and 
Scarf 47 were even more conseivative, advocating either no opeiation at all or 
opeiating at a latei date only if biliary tract disease could be demonstrated 
The results with moie conseivative measuies, still far fiom a solution of the 
pioblem, have been moie gratifying Eliason and Noith 110 repoited no mor- 
tality m their consei vatively ti eated cases, Smead 108 a moi tality rate of 7 5 pei 
cent, Nordmann 14 of 22 pei cent, and Mikkelson 100 of 7 5 per cent 

A thoiough review of the literature, and a caieful consideration of our 
cases, have convinced us that, until moi e specific measures are f 01 thcommg to 
combat acute pancreatic disease, the best lesults will be obtained by conserva- 
hve management of all cases This applies not only to lesions of a transient 
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natuie, but also to the more seveie lesions of hemon hage, suppuiation and 
neciosis, fiom which many succumb regaidless of the form of tieatment 
We have not been convinced that any opeiative procedure has lowered the 
mortality rate m acute panel eatitis of any type While admitting that occa- 
sional abdominal exploiation may become necessaiy to help establish a differ- 
ential diagnosis, the caieful use of diatase deteimmations should reduce the 
number of explorations to a minimum If, on opeiation, evidence of acute 
pancreatic involvement is found, we are m favor of immediate closuie of the 
abdomen without further mterfeience We believe that eradication of bihaiy 
tiact disease should be delayed until the attack of acute pancreatitis has com- 
pletely subsided If death should ensue in the meanwhile, we aie convinced 
that no opeiative procedure would have altered the ultimate result, but, on the 
conti ary, might have hastened it As additional evidence against early opeia- 
tive tieatment we cite oui cases of acute panci eatitis The mvanable recovery 
of these cases under expectant tieatment we feel is fuither aigument against 
operative interference m any case of acute panci eatitis 

CONCLUSIONS 

Twenty-one cases of piesumptive, tiansient acute pancreatitis are detailed 
The pancreas is a fiequent source of acute upper abdominal pam often 
attributed to other upper abdominal disoi dei s 

The examination, by newer methods, of the blood and urine for diastatic 
ferments, if performed early and lepeatedly duiing an attack of acute upper 
abdominal pam, may furnish valuable assistance in establishing or excluding 
a diagnosis of acute pancreatitis 

Conservative management seems indicated m all types of acute pancreatitis 
during the acute stage Surgical treatment of associated biliary tract lesions 
should be delayed until the attack of acute pancreatitis has subsided 
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SURGERY AND DIABETES 
Henry J John, M D 

Cleveland, Ohio 

Diabetic patients, as a class, aie not immune fiom those diseases which 
requne surgical tieatment They may be affected by any of the diseases for 
which operation commonly is peifoimed In addition, theie aie certain dis- 
eases, such as cholecystitis and gangiene of the extremities, to which they 
are even more prone than is the avei age pei son Surgeons no longer hesitate 
to operate upon patients with diabetes, as is pioved by the large number of 
publications on surgical treatment of diabetics in the medical hteiature of the 
last decade Since the advent of insulin, the aveiage suigical mortality rate 
on diabetic patients has decreased enormously This has resulted, not only 
from the use of insulin, but also from cleaiei understanding of, and improved 
technic m, the handling of the special pioblems involved 

Despite the great stndes which have been made m the surgical care of 
diabetic patients, a great deal is yet to be accomplished, as can be seen by 
noting the wide range of results lepoited by vanous investigators A good 
many physicians and suigeons, even yet, do not have a full compiehension 
of the importance of collaboi ation and team woik between the physician and 
the suigeon, which is necessaiy if the singular needs of such patients are to be 
cared for adequately and satisfactorily For the fact remains that, despite 
the more optimistic outlook made possible by the decreased moitality rate, an 
operation upon a diabetic patient is accompanied by more risk than one upon 
a patient who does not have this disease Hence it is uigent that an ever- 
mcreasing numbei of surgeons and physicians know how to deal with the 
emergency presented by the diabetic patient who must be subjected to opera- 
tion The fundamental pi maples of tieatment, both befoie and aftei opera- 
tion, can not be stressed too strongly, nor repeated too often 

Suigical Moitality in Diabetes — A glance at Tables I, II, and III shows 
a great deciease, since the use of insulin, m the death rate following operations 
upon diabetic patients Reports published by four authors, both before and 
since the use of insulin, show that the aveiage moitality rate without insulin 
was 40 6 pei cent, while since insulin has been used, it is 16 o per cent This 
represents a decrease in mortality late of 5 7 8 per cent, based on the average 
of peicentage figures, without considei ation of the number of cases involved 
(Table I) Table II shows the results in 2,023 cases reported by various 
authors, befoie the advent of insulin The average mortality rate, calculated 
on the number of cases, was then 242 pei cent In a collective senes of 
r 4.23i cases, reported since 1924, the aveiage moitality rate was only 5 per 
cent, although the range for individual reports was from 1 2 to 68 per cent 
(Table III) The statistics in these tables show that there has been a marked 
Submitted for publication March 10, 1938 
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Table I 

SURGICAL MORTALITY IN DIABETES 


Effects of Insulin 


Author 


Mortality 


Before Insulin 
Percentage 

After Insulin 
Percentage 

Decrease 

Percentage 

Reed 1 (summary of other authors) 

34 04 

12 7 

64 6 

Saunders 2 

62 5 

24 5 

59 4 

Mason 3 

22 0 

15 0 

3 i 8 

Beardwood 5 

44 0 

10 9 

75 3 

Averages 

40 63 

16 0 

57 8 


T^ble II 

SURGICAL MORTALITY IN DIABETES 


Before Insulin 


Series 

Cases 

Mortality 

Percentage 

Berkman 6 (1921) 

159 

5 0 

Lahey 7 

H 

7 1 

Berkman 8 (1916) 

26 

7 6 

Joslin 9 (1919) 

61 

9 0 

Young 11 

99 

16 1 

Cumston 12 

6 

16 6 

Joshn 9 (before 1917) 

27 

18 0 

Bmney 13 

32 

19 0 

Karewski 10 

225 

21 0 

Mason 3 

4 i 

22 0 

Morrison 14 

775 

23 0 

Jones 15 

8 

25 0 

Phillips 16 

101 

27 0 

Fitz 17 

45 

30 0 

Strouse 18 

38 

3 i 3 

Weeden 19 

160 

36 8 

Mennmger 20 

47 

42 5 

Beardwood 5 

19 

44 0 

Fischer 21 

86 

48 4 

Saunders 2 

24 

62 5 

Nygmd 22 

5 

80 0 

Gardner 23 

25 

80 0 

Totals 

2,023 

24 2 
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Table III 

SURGICAL MORTALITY IN DIABETES 


With Insulin 


Series 

Cases 

Mortality 

Percentage 

Adams and Wilder 21 

327 

1 2 

Allan 05 (1930) 

288 

1 7 

Bruce 26 

97 

2 1 

Lemann 1 

43 

2 3 

Allan 25 (1931) 

218 

2 7 

Bazin 27 

73 

2 7 

Judd, Wilder and Adams 28 

Mayo Clime 29 (combined series from 

667 

2 9 

1921-1932) 

7.309 

3 3 

Eliason 30 (1929-1932) 

170 

3 5 

Eliason 30 (1926) 

50 

3 6 

Menmnger 20 

22 

4 5 

John 71 (1925-1930) 

462 

4 7 

Rabmovitch 31 

130 

5 3 

Joslin 32 (1923) 

69 

5 7 

John (1920-1937) 

1.273 

5 8 

Joslin 33 (1928-1930) 

580 

5 9 

McKittrick 31 

1,002 

7 6 

Weeden 19 

12 

8 3 

John 71 (1921-1925) 

35 

8 5 

Roth 35 

20 

10 0 

Joslin 33 (1925) 

97 

10 3 

Beardwood 5 

9 r 

10 9 

McKittrick and Root 37 

80 

11 2 

Foster 33 

103 

11 6 

Petty 39 

31 

12 6 

Joslin 36 (1927) 

322 

12 7 

Law 40 

15 

13 3 

Cohen 11 

8 

14 0 

Joslin 36 (1924) 

75 

14 6 

Joslin 36 (1926) 

81 

14 8 

Mason 3 

60 

15 0 

Ralli and Standard 42 

96 

16 4 

Reed 1 

64 

18 7 

Coller and Marsh 13 

65 

24 6 

Saunders 2 

14 

25 4 

Bauman 41 

56 

26 7 

White 15 

66 

28 7 

Carp 16 

25 

35 0 

Eliason and Wright 17 

55 

41 8 

Apfelbach 18 


68 0 

Totals 

14.251 

5 0 
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deciease in the mentality late in recent years, but they also indicate a tremen- 
dous vanation in individual lepoits This vanation is quite difficult to 
account for, and does not lepiesent meiely a difference m the excellence of 
treatment, but depends also on the type of operation, the type of patient, i e , 
pnvate veisus chanty patients, and othei factois The difference between 
the results in major and minoi opeiations in my own cases is shown in 
Table IV 

Table IV 


SURGICAL MORTALITY IN DIABETES 
(JOHN) 


Operations 

Mortality 

Percentage 

Major — 983 

10 0 

Minor — 290 

1 7 

Total — 1,273 

5 8 


Causes foi Deciease m Mentality — Although the use of insulin has been 
a vitally important factoi in the impiovement of surgical results in the presence 
of diabetes, this also is dependent on other factois Befoie insulin was 
available, opeiations upon a diabetic patient weie often pei formed merely 
as ameasuie of last lesort, and hence most pioceduies weie of major character 

° ^ 3 10 >Z H 16 16 2PTH0U5A HDS 

"HEART DJ5EASE ( 

Chronic nephritis 1 

CANCER [ 

CEREBRAL HEMORRHAGE | 

ACCIDE NTS + VIOLENCE | 

DI5TRI&UT10N OF DEATHS 
AMONG PRINCIPAL CAU5E5 

PER 100,000 DEATH5 FROM ALL CAU5E5 
1930 


m DIABETES MELUTU6 
__J IHFLUCNZA 
jAPPENDlCITiS 

~j homicide 

JciPHTHER/A 

' AFTER Dublin ♦ lotka 

Chart i — Leading causes of death 

an d entailed gieat usk The newer anesthetics which are less hazardous 
have been developed since that time The proper postoperative and pie- 
°perative care was not so well undei stood then as it is to-day All of these 
factors increased the giavity of the piognosis for a diabetic patient who had 
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to be operated upon befoie the eia of insulin, and many authorities felt that 
suigery should not be lesorted to, unless it could not possibly be avoided 
Inci ease of Risk m Diabetic Patients — It is not the diabetes pet se that 
increases the risk of suigical opeiations in diabetic patients, foi diabetes lanks 
ninth among the ten leading causes of death (Chait I) Only 28 persons per 
100,000 population die from diabetes, as compared with 261 pei 100,000 who 
die as the lesult of heait disease The pi incipal factors which increase the 
suigical risk m the piesence of diabetes aie obesity, advanced age, arterio- 
sclerosis and infection 

Any obese patient piesents a poorer risk 
suigically than one who is thin The propoi- 
tion of stout patients among diabetics is far 
gi eater than among nondiabetics, and this nat- 
uially inci eases the number of deaths following 
operation (Chart 2) 

Many operations upon diabetic patients are 
performed on those of consideiable age, for 
diabetes is preponderantly a disease of advanced 
years Chart 3 shows the inci eased moitality 
late in patients more than 50 yeais of age 
Aside from the actual age, diabetic patients are 
physiologically older than those without diabetes, 
because of the effect of the disease on the circulatoiy system The approximate 
physiologic age can be estimated loughly by adding the number of years that 
diabetes has been present to the patient's actual age Thus a peison age 60, 
who has had diabetes foi 16 yeais, is appi oximately 76 yeais old physio- 
logically 

The lesistance of the diabetic patient to infection is always less than 
that of a normal person, and, this presents one of the major risks when the 
patient is opeiated upon Hypeiglycenua hinders speedy healing of the 
tissues, as has been pointed out by McKittnck 50 and by Lewis 49 If senous 
infection develops following an opeiation, the diabetes may be maikedly 
aggi avated, and may even get beyond control 

Special Surgical Problems in Diabetes — Cholecystitis That an infec- 
tion of any kind aggravates diabetes is so well known that it requires no 
comment While the statistics available do not give any pi ease picture of the 
relative proportions of diabetic and nondiabetic patients with gailbladdei 
disease, it is a matter of common experience that diabetic patients aie more 
prone to affections of this organ The presence of cholecystitis, as based on 
routine autopsy records, has been leported by some authors as moie than 
20 per cent McKitti ick, 37 in a series of 24 diabetic cases, found an incidence 
of almost 35 per cent While this senes is too small to warrant a general 
statement, it is probably true that it is indicative of the gieatei proportion of 
patients with cholecystitis m diabetic patients 

Even as early as 1910, Mayo Robson" 1 pointed out the 1 elation of cholecvs- 

1056 


2000 DIABETICS 

SOHri 



Chart z — Relative proportion of 
obesity in diabetic patients 



SURGERY AND DIABETES 


\ olume 108 
Number 6 

titis to diabetes, and stated that in many instances diabetes might be averted 
by the eaily lemoval of the gallbladder Josluff 2 - w has stressed this point, too, 
foi many yeais 

Clnonic cholecystitis is a mild infection, but still it affects the diabetic 
state adveisely It is extiemely common to see maiked improvement, with 
inci eased sugai tolerance, and maiked diminution in the insulin requirement 
following cholecystectomy (Table V) Hence when a diagnosis of gall- 



ws Pi A t? et ic mortality try 527 cases 

Chart 3 — Ordinates Peicentage distribution Abscissas Decades The effect of age on , 1 

surgical mortality 

bladder disease has been made, a diabetic patient can be promised improve- 
ment following cholecystectomy This can be performed without undue risk, _ 
according to recent records of the results of this opeiation on diabetic ^a^" 
tients In a total of 216 cases, reported by nine authors, the surgical mor- 
tality was only 3 3 per cent (Table VA) 

Gangiene of the Exti entities — -Gangiene of the extienuties is of common 
°ccurience 111 diabetic patfents, and usually lequires suigical treatment This 
condition, which is commonly called diabetic gangrene, would be moie pre- 
cisely refened to as artei losclerotic gangiene, for it is of the same type as is 
seen in nondiabetic patients with aiteriosclerosis It is more common, how- 
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Table V 

ANALYSES Or PRE- AND POSTOPERATIVE BLOOD SUGAR IN EIGHT CONSECUTIVELY CHOLECYS 

TECTOMIZED PATIENTS (JOHN) 



Sex 

Age 

Aver B 1 Sug 

Insulin 

Aver B 1 Sug 

Insulin 


Before Oper * 

Requir 

After Oper * 

Requir 

Mrs P 

F 

6o 

210 

45 Units 

140 

0 Units 

Mrs Pe 

F 

68 

190 

30 Units 

85 

0 Units 

Mrs La 

F 

47 

190 

20 Units 

130 

0 Umts 

Mrs Sm 

F 

59 

240 

20 Units 

160 

15 Units 

Mrs La 

F 

50 

238 

30 Units 

92 

0 Units 

Mr Ke 

M 

52 

200 

60 Units 

140 

40 Units 

Mr Be 

M 

39 

190 

20 Units 

160 

15 Units 

Mrs Se 

F 

6o 

190 

40 Units 

130 

25 Units 

* The averages given are those obtained from three blood sugars on a check-up , namely, 
before breakfast, lunch and dinner, showing the increased degree of sugar tolerance and the 

lessened amount of insulin required postoperatively following cholecystectomy 





Table VA 






SURGICAL MORTALITY IN DIABETES 






Gallbladder Operah 

ons 





Author 

Cases 

Mortality 





Percentage 


Bazin- 7 


10 

O 

Foster 38 


3 

0 

Joshn 36 


13 

0 

Lemann 4 


X 

0 

McKittrick 50 


59 

O 

Ralli and Standard 42 


2 

0 

Judd, Wilder, Adams’ 8 


40 

2 5 

John 


43 

4 6 

McKittrick 37 


45 

8 8 

Totals 


216 

3 3 


ever, in diabetic patients because they are mote likely to have advanced 
aiteripscleiosis The occuirence of gangrene is conditioned far more by the 
vascular state than by the degree of diabetes If the diabetes were the more 
impoitant factor, as is still claimed by some authorities, it would be seen 
moie commonly m patients with extremely high levels of blood sugar, who 
have neglected the propei treatment of the diabetic condition But it seems 
that the gi eater pioportion of those who have gangrene have mild diabetes, 
sometimes of short duiation 

The actual incidence of gangrene in diabetes has been reported vanously 
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as from 2 4 to iS per cent The average percentage of thirteen leportecl senes 
is 52 (Table VI) If seveie, uncontrolled diabetes weie the important etio- 
logic factoi, it seems to me that this peicentage would be much greater 
Howevei, it should be noted that some authors report a disparity m the inci- 
dence of gangrene m pnvate and in charity cases This may be due to 
neglect of other factors as much as to the lack of control of the diabetes 
Gangrene has not deci eased appreciably since the use of insulin, and there 
certainly can be no question that the geneial attention and care of diabetic 
patients has improved tremendously during this time 

** Tvble VI 


INCIDENCE Or G VNGRENE IN DIABETES 


Author 

Cases 

Gangrene 

Percentage 

John 

4,871 

2 4 

Mayo Clinic 25 

University of Pennsylvania Hospital 

684 

2 4 

(before 1923) 

355 

2 5 

Pauli in 52 

560 

2 8 

Joslin 53 

3,000 

3 0 

Lemann 54 (pnvate cases) 

47i 

5 3 

Peter Bent Brigham Hospital 54 

969 

7 0 

Massachusetts General Hospital 54 
University of Pennsylvania Hospital 

600 

9 0 

(since 1923) 

845 

6 2 

Tuoro Infirmary 54 (pnvate cases) 

201 

10 0 

Boston City Hospital 54 

967 

11 2 

Philadelphia General Hospital 

1 >305 

13 0 

Lemann 54 (chanty cases) 

439 

18 0 


The answer to the question of why there are varying degrees of arterio- 
sclerosis m diabetic patients, whether well cared for 01 not, certainly has not 
yet been found Since we do not know the cause of mci easing arterio- 
sclerosis, the best we can do is to make an effort to recognize the premonitory 
symptoms of circulatory insufficiency as eaily as possible, and thus to try to 
prevent the development of gangrene A sensation of cold and pam m the 
feet, ciamps m the calves of the legs, especially when lying down at night, 
are the first symptoms 

It has been pointed out by Starr 55 and others 50 that a considerable reduc- 
tion in the penpheral circulation may occur without the development of any 
physical signs On the other hand, the latter has also shown that the minute 
ves sels may demonstrate normal responses even when the physical examination 
reveals gross evidence of artenal sclerosis Starr has used histamine tests 
to detect the actual changes m the circulatory response One-half of the 
diabetic patients he tested m this manner showed diminished circulatory 
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responses in the feet, and in 34 per cent this impairment was extreme He 
asserts that the prepondeiant proportion of patients with gangrene are in- 
cluded in this latter group Gangiene develops only when the reduction in 
circulation is of advanced degree 

The preventive tieatment of diabetic gangiene is all aimed at stimulation 
of the circulation in the extremities Among the measures which have been 
advocated are hot foot baths at night, contrast baths, woolen bed socks, and 
the positive-negative piessuie pump In the application of heat, care must 
be taken to pi event burning Joslin 30 has also stressed particularly the 
cleanliness of the feet Another important factoi is extreme caution in cut- 
ting the toe nails, to pi event even a small mjuiy which may not heal 

Theie is some controversy as to the efficacy of the leg pump m stimulating 
circulation Some authonties, especially McKittrick, 34 have asserted that it 
is of no value when gangiene is already present On the other hand, I have 
been impressed with the results in some cases of this type, for some feet 
have been saved which I am sure would have had to be amputated without 
the aid of this appliance The contraindications to its use are (1) Moist 
gangrene or spreading infection, (2) lymphangitis, (3) thrombophlebitis, 
(4) varicose veins, and (5) caidiac decompensation with edema 

Table VII 

MAJOR AMPUTATIONS IN DIABETES 


Author 

Cases 

Mortality 

Percentage 

Maes 57 

60 

5 0 

Judd, Wilder, Adams 28 

15 

6 6 

Walters, Meyerding, Judd, Wilder 20 

86 

ir 0 

McKittrick 37 

365 

13 9 

John 

61 

16 0 

Foster 38 

3 i 

19 0 

Young 11 

19 

21 0 

Bothe 58 

60 

22 0 

Saunders' 1 

25 

24 0 

Joslin 35 

56 

27 0 

Ralli and Standard 42 

36 

33 0 

Smith 59 

18 

34 0 

Reed 1 

13 

38 0 

Coley 60 

10 

40 0 

Ehason 30 


56 0 

Apfelbach 48 


65 0 


The mortality rate fiom amputations for gangrene ranges from 5 t0 ^5 
per cent (Table VII) Most of the high lates were reported by general 
hospitals whose patients represented poor lisks because of lack of previous 
care and an advanced condition of the gangrene Various factors affect the 
mortality rate in these cases These include the type of infection, the age of 
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the patient, the degiee of shock, and the degree of regulation of the metabolic 
disorder When one consideis the shock occasioned by an extensive amputa- 
tion and the advanced age of most of these patients (Table VIII) it is easy 
to see why the moitahty late following this type of operation is higher than 
in many othei conditions 


Table VIII 

THE AGE VT ONSET Of DIABETIC GANGRENE 


Author 

Average Age 

Bothe 58 

5 i 

Lewis 01 

54 

Eliason and Wright 47 (1926) 

59 2 

Joslm 35 (1923) 

61 

Eliason 30 (1932) 

61 6 

McKittnck and Root 37 (1928) 

64 9 

Eliason and Wright 30 (1931) 

69 9 


Table IX 

SURGICAL MORTALITY IN DIABETrS 

Various Surgeons 

Surgeon 

Operations 

Mortality 

Percentage 

1 

8 

0 

2 

3 

0 

3 

9 

0 

4 

7 

0 

5 

9 

0 

6 

4 

0 

7 

59 

3 

8 

232 

5 

9 

17 

6 

10 

48 

6 

ir 

49 

6 

12 

12 

8 

i 3 

82 

17 


Collaboration of Internist and Surgeon — Operation upon a diabetic pa- 
tient presents a problem which requires the combined talents of an internist 
and a surgeon who are especially interested in diabetes The published results 
attest to the importance of this collaboration The best results come from 
perfect team woik A glance at the records from the Mayo Clinic, where 
such service and team work are highly organized, shows that the surgical 
mortality in diabetic patients is consistently low In 1924, they 24 leported 
3 2 7 operations upon diabetic patients with a death rate of 1 2 per cent, m 
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1930, 288 operations, with 1 7 pei cent, in 1931, 218 operations with 2 7 per 
cent fatalities 23 

These lesults should be encoui aging to eveiyone interested in the prob- 
lem of surgeiy and diabetes, for they show what can be accomplished when 
there is the propei mteiest and coordination of effoit 

Citing fiom my own expenence some lecoids to show the importance of 
collaboration of suigeon and internist, which means the piopei care of the 
diabetic patient, the recommended measuies weie taken before and after 
operation, but one surgeon refused to recognize the importance of these 
procedures and would not wait until the patient was deemed ready for the 


MUSCLE -652 cm 



NEWBORN ADULT 


THE AMOUNT OF GLYCOGEN STORED 

Ch\rt 4 —The storage of glycogen in liver and muscles 

opeiation The othei 12 surgeons coopeiated with me fully and accepted my 
judgment as to when the patient should be operated upon Table IX shows 
the results The first six suigeons had no fatalities, and the other six had 
a comparatively small numbei of deaths, but the opeiations performed by 
the obstinate surgeon resulted m death m 17 per cent of the cases The aver- 
age moitahty late for the first 12 surgeons is 4 6 pei cent, as compared to the 
17 per cent of the last operatoi One can thus readily see how the statistics 
of one such suigeon can alter unfavorably the lecoid for a whole institution 
The Care or Surgical Diabetic Patients — The Rdle of the Live 1 If a 
clear undei standing is to be had of the chemical changes that occur following 
an operation upon a diabetic patient, attention must be focused on the livei 
The liver is a stoiehouse foi glycogen which may be diawn upon in time of 
need This organ does not contain the entire bodily supply of glycogen, for 
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about two-thuds of it is stoied in the muscles (Chart 4) That m the liver, 
howevei, lepresents the poition easily available for use by the body 

The liver is concerned 111 the metabolism of sugai, protein, and fat Its 
function is to make constantly available, m ample quantity, food for the body 
in a utilizable fonn This availability must be independent of the rate of 
consumption and combustion of ingested food Thus the liver has to store 
carbohydiates and conveit othei substances into glucose, when needed, m order 
to regulate the concenti ation of sugar 111 the blood If this function of the 
liver fails, either hypeiglycenua or hypoglycemia is the result The liver also 
stoies protein, and acts on ammo-acids to fonn urea Fat, too, is stored in the 
liver, sometimes to the extent of 40 pei cent of the weight of this organ The 
quantities of fat and glycogen in the liver bear a reciprocal 1 elation to each 
othei 

In addition to these metabolic functions, the liver regulates the formation 
of bile acids which aie nnpoitant 111 the absorption of fat and possibly of 
certain vitamins, its stellate cells remove bacteria fiom the blood stream, it 
destroys ceitain poisons, it regulates the noimal process of coagulation of the 
blood, and it has a pait m the maintenance of fluid volume 

It is easy to see how important the function of the liver is to a diabetic 
patient who must have an opei ation The patient must 1 eceive carbohydi ate, 
if the function of the liver is to be supported, and insulin must be taken if the 
carbohydrates aie to be piopeily utilized The surgeon must bear these facts 
in mind when he opeiates upon a diabetic patient, in older to disturb as little 
as possible the normal function of the liver The type of anesthesia is ex- 
tremely impoitant in this regard Chlorofoim may cause severe and possibly 
fatal hepatic injury, and should nevei be used in a diabetic patient Ether, 
by reducing the stoie of glycogen in the liver, results in hyperglycemia which 
is directly proportional to the degree of narcosis 02 (Chart 5) Ether anes- 
thesia also decreases the secretion of bile and depresses the formation of urea 
and causes an increase in the quantity of fat m the blood If ether anesthesia 
has to be used in a diabetic patient, these facts must be taken into account, 
and measuies must be instituted to combat them Vhe patient should go to 
operation with a good supply of glycogen in the liver, and should be protected 
aftei wards fiom dehydi ation, hyperglycemia and acidosis v/ 

A Special Diagnostic Pioblem — The diagnosis of conditions which re- 
c l un e surgery in the diabetic patient does not offer any special difficulty, except 
in the case of symptoms of an acute abdominal inflammation In such in- 
stances, the diffeientiation between diabetic acidosis and acute appendicitis 
must be made The impoitance of this differentiation is obvious, for to 
subject a patient with acidosis to an operation needlessly is an extremely 
hazardous procedure In Table X are summanzed the findings in both 
conditions, and about the only point of difference is that in acute appendi- 
citis the pain precedes the vomiting, whereas m acidosis the vomiting pre- 
cedes the pain 
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THE EFFECT OF ETHER 
NARCO 0 !? OH BLOOD 
SUGAR 

Ether narcosis of 5-7 
hours duration produces 
hyperglycemia on normal 
and not fasted rabbits 
The degree of hypergly- 
cemia depends upon the 
depth of narcosis 
After Ijuro Fujii, The 
Tohoku Jour Exper Med , 
1921, 2 170-°08 



Chart 5 — Ordinates Blood sugar Abscissas Hours The effect of ether narcosis on the 
level of the blood sugar (After experimental studies on rabbits by Ijuro Fujn Tohaku Jour 
Exper Med , 2 170-208, 1921 ) 


Table X 

DfrrERENTrATrON BETWEEN diabetic acidosis and acute appendicitis 


Symptoms 

Acidosis 

Appendicitis 

Vomiting 

Precedes onset of pain 

Follows pam 

Fever 

May or may not be present 

May or may not be present 

Leukocytosis 

Usually high from dehy- 

Usually high and may be 


dration and concentra- 
tion of blood 

significant 

Pain 

Present 

Present 
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This makes the problem sound quite simple, but such is not the case In 
some instances, the patient’s notion of the sequence of events is quite hazy, 
and it is difficult to get an accurate history Much experience m the handling 
of diabetic patients usually is necessaiy befoie one may have complete assur- 
ance m the diagnosis of diabetic acidosis 

The doctoi’s lesponsibihty, in such instances, is veiy great, for if opera- 
tion is not pei formed m case of acute infection, the patient may have a 
ruptured appendix and pentonitis, and if operation is performed in an instance 
of acidosis, the patient is quite likely not to survive the shock The best thing 
to do, m my opinion, is to give intravenously 500 cc of a 10 per cent solution 
of glucose containing 20 to 40 units of insulin If, within an hour or two, 
the symptoms are not relieved, they are most probably due to appendicitis, 
and the patient should be opeiated upon It is usually safe to defer the 
operation for an hour, and this wait may be responsible for saving the 
patient’s life 

The P) eparation of the Patient fo> Singeiy — We have already seen that, 
if suigical lesults are to be good, and the risk of operation decreased m dia- 
betic patients, the metabolic disoider must be taken into account every step of 
the way, and must be conti oiled as ngidly as possible if disaster is to be 
avoided 

In the prepaiation of diabetic patients for opeiation, the measures used 
have to be adjusted to the emergency 01 urgency of the situation In case 
of an emergency opeiation, theie natuially is no time for any dehbeiative 
01 systematic study of the patient’s condition Even so, usually 30 to 60 
minutes elapse from the time the patient enters the hospital until he appears 
on the operating table This affords ample time for a urme analysis and an 
estimation of the blood sugar, which requires but 25 to 30 minutes If the 
level of the blood sugar is high, the patient receives 20 units of insulin before 
the operation is begun 

When theie is no immediate hurry about the opeiation, a thorough study 
of the patient can be made It is possible to get the diabetic condition under 
conti ol and to determine the patient’s individual sensitivity to insulin The 
diabetes is considered well controlled when the 24-hour sugar output is below 
10 Gm The variations in utilization of insulin are determined by the level of 
the blood sugar before breakfast, lunch and dinner These indicate how the 
insulin dosage should be distributed throughout the day Patients are no 
longer starved before an operation They usually receive from 160 to 200 
Gm of carbohydrate, 70 to 100 Gm of protein, and enough fat to make 
i,Soo to 2,200 calories, according to the individual needs In patients with 
gallbladder disease, the fat natuially is kept to a minimum The study made 
b y the internist is directed toward finding out just what the dosage and 
distribution of insulin should be to enable the patient to utilize such a diet 
One blood sugar determination is piactically worthless as a guide to a 
diabetic patient’s condition The blood sugar often fluctuates so much during 
the day that a single determination may be veiy misleading It is not neces- 
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sary that operation be deferred until all three daily levels of blood sugar are 
exactly normal If the patient’s urine is sugar-free, and the level of the 
blood sugar below 200 mg pei cent, the opeiation can be performed with 
safety, provided the propel control is maintained The important thing is 
to know just how much insulin the patient needs 

The morning of the operation, the patient receives his regular morning 
dose of insulin, a glass of oiange juice, and a cup of coffee, at least two hours 
before the operation is to be performed This helps to stock the liver with 
glycogen, and the patient does not feel so worn-out and hungry 

Protamine insulin can be used in surgical cases, although I prefer to use 
legular insulin duung the pieopeiative and immediate postoperative periods 
Tlfeie is greater safety with small, fiequent doses of insulin, than with one 
large dose of protamine insulin The latter can be resumed during con- 
valescence, when all emergency has passed 

Table XI 


crrccTs or anesthesia 


Type 

Effect 

Local — procain 

Least effect on insulin activity 

Barbital derivatives — sodium epival 

Least reduction of liver glycogen 

Spinal — procain 

Reduction of glycogen in voluntary muscle 
and heart 

Gas — nitrous oxide, ethylene, cyclopropane 

Increase of lactic acid inhibits formation of 
glycogen in muscle 

Ether 

Production of lactic and phosphoric acids in 
muscle augments acidosis 


Anesthesia — The importance of the choice of anesthetic for a diabetic 
person has already been mentioned, m connection with its effect on hepatic 
function Chloroform, because of its hazardous effects, has not been used 
m this country foi about 30 yeais Ether has many disadvantages, although 
with the proper precautions it can be used satisfactory This anesthetic is 
used largely at the Mayo Clinic, where suigical lesults are so excellent If 
local or spinal anesthesia can not be employed, nitrous oxide, ethylene, and 
cyclopropane are the anesthetics of choice The effects of these various 
anesthetic agents are summarized in Table XI In general, the deeper the 
narcosis produced by an anesthetic, the greater the inhibition of oxidation of 
glucose and lactic acid m the brain Chart 6 shows the increase m blood 
sugar in a senes of diabetic patients as determined by studies immediately 
before and after operation The greatest increase occuried in patients who 
were anesthetized with ether 

Postopei ative Cai e — In the case of the diabetic patient who has been 
subjected to an emergency operation, the study must be continued immedi- 
ately following operation Just after he has returned from the operating 
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100m, anothei blood sugar estimation is made At the same time 20 units 
of insulin aie administered, with hypodeimoclysis of a noimal solution of 
sodium chloride and 5 per cent glucose If indicated by the patient's condi- 
tion, 500 cc of a 10 per cent solution of glucose may be given inti avenously 
The level of the blood sugar is detei mined at two-hour intervals for the 
next six to eight houis, and then three times a day for the next two days 
This keeps the physician mfoimed regarding the patient's condition, and 



Chart 6 — Ordinates Blood sugar Abscissas Effect pre and postoperative The effect 
of anesthesia on the level of blood sugar 


averts serious fluctuations m the blood sugar level If it is impossible to 
check the blood sugar in this way, urine estimations must be made fre- 
quently, but the sugar m the blood is an infinitely better guide to the pa- 
tient s condition It must be remembered that acidosis is much more serious 
tiian large quantities of sugar m the urine 

The treatment m cases studied adequately before operation is much the 
same afteuvaids as that of the emergency cases The administration of salt 
solution and glucose by hypodeimoclysis or by vein, and sufficient insulin to 
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keep the blood sugar undei control, with lepeated checks of the blood are 
carried out Within 24 to 48 horns, the emeigency has usually passed, and 
the patient can safely be returned to his usual legunen 

Postoperative Complications — Intiavenous Injection of Glucose — The 
use of glucose and salt solutions is a common pioceduie in caring foi non- 
diabetic patients aftei opeiation, both in pi eventing and combating post- 
opeiative complications It has been found that the same measure can be 
employed in diabetic patients piovided sufficient insulin is given to allow the 
patient to utilize the glucose This has been recommended by numerous 
authonties, including Thalheimer, 63 Fisher 64, c;5, CG Ringer, 67 Ginsberg, 08 and 
Levy 09 Before the advent of insulin, this protective measuie could not be 
used m diabetic patients, for any addition of glucose to the alieady inci eased 
quantity of sugai in the blood would have been dangeious But now, if the 
pi opei quantity of insulin is added to the glucose-saline solution, the diabetic 
patient is protected fiom excessive hypei glycemia 72 Table XII shows a 
summary of the fluctuations in blood sugai following intravenous injections 
of glucose solution in 54 patients with diabetes, who either had had an opera- 
tion, or were suffering from diabetic acidosis In the latter condition, the 
intiavenous injection of glucose and insulin is especially valuable in combat- 
ing the acidosis and mci easing the excietion of ketones in the urine, and in 
augmenting the supply of glycogen in the liver About two 01 three houis 
after glucose solution has been given, the patient’s blood sugar should be 
checked, when moie insulin can be supplied, if needed 

Glucose solutions are indicated in the following postoperative conditions 
(1) After an opeiation of long duration, (2) when a large quantity of anes- 
thetic has been used, (3) as a tempoiaiy measure before transfusion aftei 
piofuse loss of blood, (4) in the event of possibility of seveie suigical shock, 
(5) whenevei there is the slightest danger of postoperative peritonitis 

Blood Tiansfusions — Blood tiansfusion is perhaps the most helpful single 
measure available foi combating postoperative complications Transfusions 
are indicated in the following instances (1) Aftei profuse hemorrhage with 
reduction of blood volume, (2) in the presence of infections, and (3) in all 
cases which present a poor surgical risk, eithei because of the condition of 
the patient, or the extensive nature of the operation 

In administei mg a transfusion to a diabetic patient, it is well to remembei, 
as Staub 70 has pointed out, that the blood of the donoi has an action lesem- 
bling that of insulin if he has eaten a heavy caibohydrate meal from four to 
seven hours previously 

Fevei — An mciease in tempeiatuie always means increased metabolism 
The fevei in a diabetic patient may be the lesult eithei of toxemia 01 infec- 
tion, and it is important to differentiate these two conditions 

When fevei is piesent befoie an opeiation, a blood culture should be 
made If the cultuie is positive, the patient, of course, should not be oper- 
ated upon immediately but an attempt should be made to rid him first of the 
septicemia If fevei continues aftei the operation in a patient whose blood 
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culture was negative be foie, the cultuie should be repeated three days after 
the operation 


Table XII 

CHANGES IN BLOOD SUGAR LEVELS AFTER INTRAVENOUS INJECTION OF GLUCOSE IN 

nrTY-rouR cases 


Case 

Fall 

Rise 

Case 

Fall 

Rise 

Mg per Hour 

Mg per Hour 

i 

22 

— 

28 



22 

2 

24 

— 

29 

— 


3 

6o 

— 

30 

28 

— 

4 

33 

— 

3i 

25 

— 

5 

19 

— 

32 

11 

— 

6 

38 

— 

33 

IO 

— 

7 

28 

— 

34 

8 

— 

8 

34 

— 

35 

14 

— 

9 

IO 

— 

36 

208 

— 

IO 

26 

— 

37 

6 

— 

n 

47 

— 

38 

3 

— 

12 

— 

38 

39 

— 

5 

13 

— 

18 

40 

4 

— 

14 

39 

— • 

4i 

4 

— 

15 

58 

— 

42 

9 

— 

l6 

24 

— 

43 

18 

— 

17 

18 

— • 

44 

22 

— 

18 

— 

— • 

45 

— 

03 

19 

— 

— 

46 

38 

— 

20 

28 

— 

47 

50 

— 

21 

34 

— 

48 

24 

— 

22 

IO 

— 

49 

16 

— 

23 

26 

— 

50 

22 

— 

24 

47 

— 

5i 

28 

— 

25 

— 

38 

52 

61 

— 

26 

— 

20 

53 

33 

— 

27 

1 8 

— 

54 

19 

— 


Fall — 44 cases (8r 5%)- 

— Average 29 3 mg 




Rise — 8 cases (14 8%) 

— Average 19 3 mg 




No change— 

-2 cases (3 7%) 




In the toxemia resulting from infection, the patient often suffeis from 
anorexia, and hence the intake of food is diminished Nausea and vomiting 
may make it impossible for the patient to take any food or liquids In such 
instances, with inci eased metabolism from the fevei and little or no food 
supply, piotem and fat catabolism are increased This means production of 
urea mtiogen fiom the protein and of ketone bodies from the fat The 
already impaiied glycogen leseive of a diabetic patient is depleted after several 
( ta}s of fever, so that there is insufficient carbohydrate to aid m the complete 
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oxidation of the fat Hence it is imperative that more carbohydiate be sup- 
plied, which is accomplished by the intravenous injection of glucose and 
sodium chloride solutions, in conjunction with the proper quantity of insulin 
Unconsciousness — When a diabetic patient becomes unconscious after 
opeiation, it is important to differentiate between suigical shock, diabetic 
coma, hypoglycemia and alkalosis In this diffeientiation, the history is of 
extreme importance, as well as the blood chemical determinations Once the 
diagnosis has been made, the remedy is obvious (Table XIII) 

Table XIII 


DIFFERENTIATION Or POSTOPERATIVE COMPLICATIONS IN A DIABETIC PATIENT 


Findings 

Surgical Shock 

Diabetic Coma 

Hypoglycemia 

Alkalosis 

Unconsciousness 

Present 

Present 

Present 

Present 

Temperature 

Low 

Subnormal 



Pulse rate 

High 




Respiration 

Increased 

Kussmaul 
Acetone breath 

Normal 


Urine analysis 


Sugar and ace- 
tone present 



Blood chemistry 


Sugar high, 

C 0 2 usually be- 
low 20 

Sugar low 


Perspiration 



Profuse 


Dehydration 


Present 



Convulsions 




Present 

Tetany 


« 


Present 

History 

Injury or oper- 
ation 

Infection or 
lapse of diet 

Insulin injec- 
tion 

Alkalies in 
large quantity 

Miscellaneous 

Capillary dis- 
tention, dilata- 
tion o£ splanch- 
nic vessels, tox- 
emia 

Soft eyeballs, 
low spinal 
pressure 

Strabismus 
at times 



The patient suffering from surgical shock should receive glucose and 
insulin intravenously, and external heat should be applied 

For the treatment of diabetic coma, large doses of insulin, saline solution 
by hypodermoclysis, glucose solution by vein, external heat and gastric 
lavage and enemata are used In the presence of acidosis, gastric lavage is 
an extremely important measure In one instance m my expenence, the 
patient died because of failure to carry out this measuie It was one of those 
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cases in which the differentiation of acidosis and appendicitis was vital The 
patient was suff ei mg fiom acidosis which was brought under control by the 
use of insulin, glucose and salt, but the patient died The autopsy showed that 
he did not die from caidiac failure, but fiom lespiratory failure due to re- 
gurgitation of gastric contents into the trachea, and consequent filling of the 
lungs Since this expenence, I have never failed to stress the fact that gastric 
lavage is essential m the tieatment of diabetic acidosis 

When a patient is suffering from insulin shock or hypoglycemia, a 50 per 
cent solution of glucose should be given intravenously 

In the case of alkalosis, sodium chloride solution either intravenously or 
by hypodeimoclysis should be given 

Renal Insufficiency — The accumulation of waste products in the blood, as 
shown by high levels of urea, uric acid, and cieatmm may result from an- 
hydremia as well as from actual renal damage, m a diabetic patient Unless 
there is considerable edema, infusions of sodium chloride solution (2 to 3 
liters) containing glucose, or along with glucose solution administered intra- 
venously, present the best method of treatment At times, salt solutions con- 
taining 5 per cent glucose may be given by proctoclysis Unless there is severe 
renal damage, administration of fluids tends to reestablish the normal status 
The use of Fischer’s solution is helpful when there is marked depression 
of renal function In 1931, I 71 lepoited the case of a man, age 26, who had 
acidosis and extieme oliguria The kidney function was almost completely 
absent, as shown by no excretion following injection of phenolphthalein, and 
high levels of urea, uric acid and creatinin This condition continued for five 
days, despite laige doses of msulm (200 units a day) On the fifth day I 
gave him 500 cc of Fisher’s solution intravenously, and the urine output m- 
ci eased to more than six liters, after having been only a few hundred cubic 
centimeters daily The urea, uric acid, and creatinin returned to normal levels, 
and the kidney function, as detei mined by the phenolsulphonphthalem test, 
was 70 per cent m two hours Fiom this and other experiences, I feel that 
Fishei’s solution has a place in the tieatment of cases of this type 

Anoxemia — Anoxemia is a rather common surgical complication, espe- 
cially m cases m which prolonged anesthesia has been required The clinical 
signs of this condition include excitability, stimulation, headache, rapid pulse 
and a dusky appearance of the nails These symptoms appear before the 
patient becomes frankly cyanotic Inci easing the patient’s supply of oxygen 
by means of the oxygen tent is the tieatment for this condition The oxygen 
tent should be applied before the patient becomes actually cyanotic, and the 
reasons for its use should be explained to him, m 01 der to secure his coopera- 
tion A supply of four to five liters of oxygen each minute is usually adminis- 
tered, although highei concentrations which furnish as much as 15 liters per 
minute may be used 

ft is well to use the oxygen tent as a piophylactic measure in patients who 
have had piolonged general anesthesia The patient should receive inhala- 
tions of 5 per cent carbon dioxide with 95 per cent oxygen, for 15 to 20 min- 
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utes thiee times a day for thiee 01 moie days after opeiation This measure 
aids expansion of the lungs, msiues a better aeiating sm face, and prevents 
atelectasis, and hence is piophylaxis against postopeiative pneumonia 

SUMMARY AND CONCLUSIONS 

Since the use of insulin in the care of diabetic patients, the surgical mor- 
tality rates in this type of case have decreased tiemendously An average of 
a senes of 1,767 cases leported befoie the advent of insulin showed a moi- 
tality rate of 206 pei cent, while 111 9,513 cases leported since 1923, the 
mortality has been only 6 7 per cent There are still tremendous variations 
111 the results leported These range fiom 1 2 to 68 per cent 

Suigery in diabetic patients carries a greater than normal risk, not be- 
cause of the diabetes po se, but because of obesity, arteriosclerosis, advanced 
age, and the dangeis of infection 

Cholecystitis is common among diabetic patients, and the removal of the 
gallbladdei usually impioves the diabetic condition 

Surgeiy of the extremities foi gangiene is a special problem encountered 
111 diabetes The best treatment for gangiene is pievention, because the mor- 
tality rates in this type of opeiation aie necessanly high, owing to the advanced 
age of the patients and the shock occasioned by amputation 

The propei caie of a diabetic patient who has an operation demands the 
combined sei vices of an internist and suigeon who are intei ested an the dis- 
ease The best results are obtained where theie is the best team woik 

A proper undei standing of the function of the liver is necessary to pro- 
vide the pioper precautions for the diabetic patient who undergoes operation 
The most impoitant diagnostic problems encountered in connection with 
surgery on diabetic patients are ( 1 ) The differentiation between acute appen- 
dicitis and diabetic acidosis, and (2) the pioper diagnosis of unconsciousness 
which may appeal following an opeiation The lattei may be caused by sur- 
gical shock, diabetic coma, hypoglycemia 01 alkalosis The history and blood 
chenustiy findings are important in making this differentiation 

Except in situations that present an emeigency, a diabetic patient should 
be subjected to thorough study before any surgical proceduie is attempted 
The piopei dosage and distribution of insulin must be determined, if the 
diabetic condition is to be kept undei control satisfactorily after the operation 
The choice of anesthesia is very important Chloroform should never be 
used, ether has a gieat many hazaids The anesthetics of choice, when local 
or spinal anesthesia can not be used, are nitious oxide, ethylene, and cyclo- 
pi opane 

Aftei an operation, the condition of the diabetic patient must be followed 
most caiefully, with lepeated deteimmations of the blood sugar, and adjust- 
ment of the insulin dosage, so as to prevent both hypeiglycenna and hypo- 
glycemia Glucose mtiavenous solutions can be used, provided they are 
accompanied by appiopnate doses of insulin 
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Blood tians fusions aie of gieat help m preventing and combating post- 
operative complications 

Fever and anoiexia bring about metabolic changes, with dehydiation, 
accumulation of waste products, and hypeiglycemia, which can be collected 
only by the use of intravenous solutions of salt and glucose and insulin 
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STRANGULATED LITTRE’S FEMORAL HERNIA WITH SPON- 
TANEOUS FECAL FISTULA 


CASE REPORT WITH A REVIEW OP THE LITERATURE 

Bernard M Weinstein, M D 
Nashville, Tenn 

FROM THE DEI UlTMENT OF SURGERY OF \ \NDLRUILT UNI\ ERSITY SCHOOL Ot MEDICINE, NASH\ ILLE, TENN 

Alexis Littre , 1 m 1700, descubed three cases of hernia in which an in- 
testinal diverticulum alone was stiangulated It was his belief that the diver- 
ticula were the result of traction on a portion of bowel in the hernia, a con- 
dition now associated with the name of Richtei 2 Theie is no proof that this 
was not the case 

Johann Meckel, 3 in 1810, over 100 yeais latei, fust classified the different 
types of intestinal diveiticula His name is now associated specifically with 
that diverticulum which is denved from an incompletely obliterated vitelline 
duct 

According to Thompson, 4 Meckel’s diverticula in the vast majonty of cases 
are found within the teiminal four feet of the ileum, their size vanes greatly, 
the aveiage being about one inch m length with a fairly bioad base He 
groups the anatomic types most commonly seen as 

“1 The typical diverticulum given off from the antimesenteric side of the 
ileum, lying free in the peritoneal cavity, and piesenting a closed distal ex- 
tiemity (82 5 pei cent) 

“2 Paitial obliteration with a fibious band running from the tip of the 
diverticulum to the umbilicus or to some adjacent structuie (10 per cent) 

“3 Umbilical fistula (6 per cent) 

“4 The giant diverticulum of bizaire foim 01 shape, sometimes coming 
off from the mesenteric side of the ileum and developing between the folds 
of the mesentery (o 5 per cent) 

“5 The umbilical polyp, either attached to the lemains of the omphalo- 
mesenteric duct inside the abdomen, 01 entirely cut off fiom internal connec- 
tions (05 per cent) 

“6 The simple inti amesenteric vanety (05 per cent) ” 

Obviously from the standpoint of both occurrence and anatomy, the 
diveiticulum falling into Thompson’s first gioup is the only one likely to 
be found in an inguinal or a femoial hernia The intramesentei ic diverticu- 
lum of large dimensions in group 4 has, by many, been considered a re- 
duplication of the ileum 

It is through common usage that the title of Littre’s hernia is applied only 
if the diveiticulum is of Meckel’s type, and is the sole occupant of the hernial 
sac 

Submitted for publication January n, 1938 
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Mason 5 notes the postulates expressed by Littre, who ascribed his diffi- 
culty m diagnosing his cases to the fact that the constricting force, falling on 
the pedicle of the diveiticulum, did not intei nipt the continuity of the lumen 
of the gut The following are Littre ’s own rules as tianscnbed by Mason 

"The diagnostic signs, making this type of hernia recognizable before the 
opeiation, aie 

“i The patient goes to stool during the whole course of the illness as, 
the intestinal canal being unmten upted, the excrements are at perfect libeity 
to pass from one end to the other 

“2 The patient has no hiccough, or very occasionally 

“3 He does not vomit, at least by comparison less fiequently than m 
ordinal y herniae The vomitus is never fecal matter 

"4 The patient’s belly is nevei fat, sti etched or full of wind as m ordi- 
nal y heiniae 

“5 The tumoi m the grom is foimed more slowly and never becomes 
so large 

“6 The inflammation, fever, pain or othei symptoms which may accom- 
pany this peculiar kind of hernia, aie less seveie and take longei to manifest 
themselves than m other heiniae 

"The diagnostic signs which make this particular hernia recognizable 
during the operation aie 

“1 In ordinary cases of hernia, the entile cncumference of the intestinal 
body is engaged in the hernial sac In this hernia there is only one part in 
the sac 

“2 The portion of the intestine which foims an ordinary hernia is found 
doubled m the shape of an aie m the sac In this particular kind (which 
concerns us), this portion is single, situated perpendicularly and terminated 
by a very distinct end 

“3 An ordinal y hernia is often foimed by intestine and omentum together 
This particular kind is always made by the intestine alone ” 

Such instructions, although formulated over two centuries ago, require 
today little, if any, correction or amplification 

Friedman 6 states that death is the inevitable fate of the patient with a 
stiangulated hernia, unless the resulting obstiuction is relieved by operative 
interference, spontaneous reduction of the henna or the formation of an ex- 
ternal fecal fistula He further states “The pathologic changes taking place m 
the formation of a fecal fistula are m the beginning like those of any strangu- 
lated hernia first, there is an exudation of a bloody fluid into the hernial sac, 
and with impairment of mteguty of the bowel, infection of the fluid As 
the sac wall becomes infected and edematous, the bowel perforates into, and 
then through the sac, thereby involving the external hernial coverings In- 
fection and necrosis then spread rapidly through the subcutaneous tissues, 
and finally rupture occurs externally through the skin, foiming an external 
fecal fistula 55 

Watson 7 states that in Littie’s, as in appendiceal hernia, inflammation is 
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much moie fiequent than sti angulation , when so-called “sti angulation” occurs 
it is neaily always secondary to the inflammation and infection Tiue strangu- 
lation of a Meckel’s diveiticulum is laie Sometimes it is impossible to detei- 
nune whether inflammation 01 sti angulation occuued fiist With reference 
to location he says “Strangulation of the isolated hernia of Meckel’s diver- 
ticulum is moie fiequent in femoial than in inguinal hernia” 

Appended is a lepoit of a case of spontaneous fecal fistula resulting from a 
stiangulated Littre’s femoial hernia, which was obseived and operated upon 
at the Vandeibilt University Hospital 

Case Report — A S , an unmarried white female, age 49, first came under the 
observation of the Medical Service March 30, 1935 She was treated for idiopathic 
migraine Routine examination disclosed no suggestion of hernia On November 29, 
1935. when next seen, she gave a history of having had, four days previously, colicky 
pains in the lower midabdomen, followed shortly by the appearance of a swelling in the 
right groin There was no nausea, emesis or obstipation 

Physical Examination disclosed a hard mass in the right groin over which the skin 
was reddened and slightly warmer than the surrounding region There were no other 
enlargements in the glandular areas or open lesions on the lower extremities Rectal 
and pelvic examinations revealed nothing abnormal Leukocytes, 6,550 The impression 
conveyed at this time was that of an inguinal adenitis of unknown origin, and the patient 
was sent home to bed and instructed to use alternating hot and cold packs to the groin. 
On December 13, 1935, two weeks later, the only noticeable change was a decrease in 
redness of the skin 

On December 27, 1935, examination revealed a draining sinus at the site of the 
mass in the right groin, which the patient said had occurred nine days previously She 
was referred to the Surgical Out-Patient Service where a hernia was suspected and, 
with the history of a large amount of green drainage increasing with ingestion of food, 
fecal fistula was diagnosed 

On January 2, 1936, the patient was admitted to the Surgical Ward where addi- 
tional questioning revealed that six weeks ago, after going two days without a stool, 
she was seized with colicky pains which lasted 24 hours, but were not accompanied by 
nausea or vomiting She took salts and had a stool the same night and the next morn- 
ing During the day of colic, the mass in the right groin had appeared and become as 
large as a lemon and gurgling was noticed in this region 

Physical Examination revealed a white female rather thin and drawn but not de- 
hydrated The abdomen was neither tender nor distended There was borborygmus 
audible, but no visible peristalsis In the right groin there was a small reddened, slightly 
tender, fluctuant mass about 6 cm in diameter lying immediately over the inguinal liga- 
ment In the center of this mass there was a peaked crater from which thin greenish 
material and a few small bubbles were expressed On vaginal examination, the mtroitus 
admitted only one finger There was a fulness in the right fornix, pressure upon which 
did not increase the flow from the sinus in the groin Temperature was 996° F Leuko- 
cytes, 5,600 Tests for bile and tubercle bacilli in the sinus drainage were negative 
Carmine taken by mouth failed to pass in recognizable quantities from the sinus, a biopsy 
from which showed only granulation tissue Imp) ession at this time was Fecal fistula 
resulting from perforation of a strangulated Richter’s hernia in the right femoral region 
On the fifth day after admission, with the idea that closure might occur spontane- 
ously, the patient was discharged and told to report to the Surgical Out-Patient Service 
Roentgenologic Examination of the gastro-intestinal tract showed “Esophagus, stomach 
and duodenum are normal On the five-hour examination, the terminal ileum is shown 
filled and lying beneath the sinus At six and twenty-four hours no portion of the large 
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bowei could be demonstrated communicating with the draining smus The cecum and 
appendix lie some distance away from the sinus An irregular calcification overlying the 
right wing of the sacrum was seen Fluoroscopic examination of the dressing over the 
smus shows a radiopaque material, probably barium ” 

Operation — January 22, 1937, by Dr Barney Brooks “An incision to the right of 
the midhne below the umbilicus was made On entering the abdominal cavity, a charac- 
teristic Meckel’s diverticulum, the tip of which was buried m the right femoral canal, 
was found Attempt was made to dislocate the tip of the diverticulum from the femoral 
canal from within the peritoneal cavity It was obvious, however, that this could not 
be safely done Incision was, therefore made parallel to Poupart’s ligament through the 
fistulous opening, dividing the ligament over the femoral canal This permitted freeing 
the tip of the diverticulum which was then resected, the wound in the ileum betng closed 
with inverting continuous catgut sutures A very irregular partially calcified cystic 
tumor of the right ovary, densely adherent to the wall of the pelvis, was extirpated The 
abdomen was closed with continuous catgut for the peritoneum, interrupted silk for the 
fascia, subcutaneous tissues and skin The inguinal ligament was resutured and the in- 
cision over it was loosely closed A small rubber tissue dram was left in this wound 
Because of the existing infection, no attempt was made to repair the hernia at this time ” 
Pathologic Examination showed the diverticulum to be 4 cm long and 3 cm wide 
at the base There was a perforation at the tip There was no evidence of gangrene 
at the time of operation No gastric mucosa was found in the diverticulum 

The patient’s recovery was uneventful and she was discharged on the fifteenth post- 
operative day The inguinal wound was entirely healed one week later 

On April 8, 1937, the patient was readmitted for a repair of a right femoral hernia 
which was easily reducible but the source of some discomfort A radical repair was 
accomplished by Dr Barney Brooks Convalesence was uneventful The patient has 
been followed in the Out-Patient Service and has, apparently, remained cured 

Discussion — Of 1,334 strangulated mgumal and femoral herniae, col- 
lected by Frackau, 8 654 weie mgumal, of which 89 per cent occurred in males 
and 11 per cent m females, 680 were femoral, of which 21 per cent were m 
males and 79 per cent in females Between September 15, 1925, and June 1, 
I 937 > 16 cases of strangulated femoral hernia were observed m Vanderbilt 
University Hospital Of these, seven were m males and nine m females 
In a series of 21,693 autopsies compiled by Pabst, 0 Meckel’s diverticulum 
was found 285 times, or m 09 per cent of the postmoi tern examinations 
Christopher 10 states that o 8 per cent of 1 ,382 patients coming to autopsy at the 
Boston City Hospital as well as of 2,000 at the Johns Hopkins Hospital were 
found to have a Meckel’s diverticulum In 1,511 autopsies perfoimed m the 
Vanderbilt University Hospital during the period 1928-1936 inclusive, a 
Meckel’s diverticulum was found six times, or m o 4 per cent 

According to Chustopher, m 10,000 celiotomies studied by Balfour, a 
Meckel’s diverticulum was found m 15 patients, an occurrence of 014 pei 
cent In approximately 3,600 celiotomies at the Vanderbilt University Hos- 
Pkal, a Meckel’s diverticulum was found in eight patients, an incidence of 
°22 pei cent 

In 600 cases of Meckel’s diverticulum, collected by Foigue and Riche, 11 
onJ y 52, or 8 7 per cent, of the diveiticula were found 111 herniae In analyzing 
Bus collection of 680 cases of stiangulated femoral herniae, Frackau 8 notes 
that a Meckel’s diveiticulum was found in only one hernia 
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In a xeview of the literature, theie weie 32 instances in which a Meckel’s 
diverticulum was found in a strangulated 01 mcaiceiated femoral hernia The 
piesent case leport brings the total to 33 The designations stiangulated and 
mcaiceiated were not always in keeping with the description of the operative 
findings, so that, in the light of accepted definition, liberty has been taken to 
mterpiet them couectly As a lesult of this coirection, 24 of the 33 cases 
aie accepted to be stiangulated femoial heiniae of Meckel’s diverticulum 
Table I shows the analysis of the data leferable to these 24 cases 

Table I 


ANALYSIS OF COL1 ECTED CASES Or IEMORAL HLRNIA CONTAINING STRANGULATED 

meckel’s diverticula* 


Case 

Original 




Vomit- 

Obsti- 



No 

Author 

Date 

Sex 

Age 

ing 

pation 

Perforated 

Result 

1 

Hager 

1884 

F 

55 

No 

No 

No 

Recovered 

2 

Tilling 

1701 

F 

— 

— - 

— 

No 

Died 

3 

Martin 

1765 

M 

40 

Yes 

Yes 

Through skm 

Died 

4 

Escher 

1891 

— 

35 

— 

— 

Through skm 

Recovered 

5 

Mmter 

1835 

F 

44 

— 

— 

Into sac 

Died 

6 

Busch 

1884 

M 

53 

— 

— 

Into sac 

Died 

7 

Riecke 

1834 

F 

50 

Yes 

Yes 

No 

Died 

8 

Ekehorn 

1901 

M 

38 

No 

No 

No 

Recovered 

9 

Taignon 

1700 

F 

60 

— 

No 

Through skin 

Recovered 

10 

Hasenhorhl 

1773 

F 

38 

Yes 

Yes 

No 

Died 

li 

Raesfeldt 

1852 

F 

30 

Yes 

Yes 

No 

Died 

12 

Howse 

1874 

M 

37 

— 

— 

No 

Died 

13 

Hofmokl 

1885 

F 

76 

— 

— 

Through skm 

Recovered 

14 

Dutil 

1886 

F 

56 

Yes 

No 

Into sac 

Died 

15 

Mugnai 

1898 

F 

40 

— 

— 

No 

— 

16 

Smith 

1901 

F 

34 

Yes 

No 

No 

Recovered 

17 

Hilgenremer 

1903 

F 

74 

No 

No 

Through skin 

Recovered 

18 

Riviere 

1907 

M 

44 

No 

No 

No 

— 

19 

Harrington 

1926 

F 

55 

— 

— 

No 

Recovered 

20 

Sweet 

1930 

M 

72 

No 

No 

No 

Recovered 

21 

Sinclair 

1922 

F 

55 

No 

No 

Into sac 

Recovered 

22 

Donati 

r93i 

M 

79 

— 

— 

No 

Recovered 

23 

Mason 

1933 

F 


No 

No 

No 

Recovered 

24 

* 

Author 1937 

Strangulated by definition 

F 

49 

No 

No 

Through skin 

Recovered 



Cases 

1 through 8 collected by Ekehorn 12 



Cases 9 through 18 collected by Pabst 9 
Cases 19 and 20 collected by Sweet 13 
Cases 2 1 through 24 collected by author 

The author has been able to find lecords of only 23 cases of strangulated 
femoial heima of Meckel’s diveiticulum in the liteiature from 1700 to the 
present time Of these, seven, or 29 per cent, weie in males, and 16, or 67 
per cent, were in females In one the sex was not lecorded The youngest 
patient was 30 and the oldest 79 yeais of age In two cases the age was not 
noted The age distribution showed six in the fourth decade, five in the fifth 

1080 



\olimit H'b 
J.umber G 


LITTRE’S FEMORAL HERNIA 


decade, six m the sixth decade, one m the seventh and tom in the eighth 
decade The aveiage age was 50 years 

Of the 14 cases m which mfoimation was available, six, 01 43 per cent, 
had vomiting Of the 15 cases in which obstipation was noted, it occurred 
only foui times, 01 in 27 per cent 

Six cases peifoiated through the skin, ioimmg external fecal fistulae 
Ot these only one, 01 1 6 6 per cent, died Of the four that peiforated into 
but not thiough the sac, thiee, 01 75 per cent, died 

All might be designated Littie’s heimae except Case 12, which contained 
stiangulated omentum in addition to the strangulated chvei ticulum, and Case 
2i, whose sac contained both a Richter’s hernia of the ileum and a perforated 
Meckel’s divei ticulum In Cases 3 and 4, ascans worms weie obseived com- 
ing fiom the fistulous openings In Case 4, the fistula healed spontaneously 
and the Meckel’s divei ticulum was chscoveied latei when the persistent hernia 
was operated upon 

In analyzing the six cases 111 which a fecal fistula occuired spontaneously, 
it was found that one was in a male, four in females, and one in which the 
sex was not lecoidecl The ages of the patients were 35, 40, 49, 60, 74 and 76, 
the average being 56 

In one theie was vomiting and in two cases there was no vomiting No 
mention was made of this symptom 111 the other three cases Obstipation 
was piesent m one patient, in three it was absent, and in the lemaimng hvo, 
110 information was available The patient who died was a male, age 40, 
who had both obstipation and vomiting This patient was the only one, of 
this senes of six, with spontaneous fecal fistula from strangulated Littre’s 
femoral hernia, to have eithei obstipation 01 vomiting 

SUMMARY 

(1) Littre’s hernia has been defined 

(2) The symptoms and signs of Littre’s hernia, as tianscnbed by Mason, 
aie noted 

(3) A case of spontaneous fecal fistula from a strangulated Littie’s fem- 
01 al heinta is repoited 

(4) A Meckel’s divei ticulum was found m o 9 per cent of 21,693 autopsies, 
while 111 two groups of 1,382 and 2,000 postmortem examinations, the same 
stiuctuie was found m 08 per cent of the cases In the Vanderbilt Um- 
veisity Hospital, m six, or 04 per cent, of 1,511 autopsies a diverticulum was 
found 

(5) A leview of the litei ature, fiom 1700 to the present time, revealed 
that, including the present case, 24 instances of strangulated hernia of a 
Meckel’s diverticulum weie repoited 

(6) In six of the 24 cases of strangulated hernia of a Meckel’s diverticu- 
him, there occuried a spontaneous fecal fistula I11 this gioup, only one 
patient died In four instances 111 which there was a peiforation into but 
not thiough the sac, thiee of the patients died 
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Incidence — In 1786, John Hunter 0 described two cases of perineal testes 
Culling gave the first detailed description of the condition, in 1841, and 
collected nine cases In 1879, Annandale reported the first successful opera- 
tive cuie 

Weinbeiger, 14 m 1879, compiled 74 cases of penneal ectopy Muschat, 10 
in 1933, collected 23 moie reports and added one of his own Campbell, in 
1936, stated that 99 cases have been recorded in the available literature and 
reported thiee peisonal cases The fact that only slightly more than 100 cases 
of perineal testes have been recorded m the litei ature indicates the comparative 
lauty of the condition 

It is generally accepted that the incidence of an undescended testis is once 
m every 500 men Godard found three perineal testes m 53 cases of imperfect 
descent Burdick and Coley 1 did not encountei a penneal testis in 537 instances 
of ciyptoichidism Campbell 2 did not observe one instance in the records of 
18,000 autopsies of males He also states that there was not a single case 
recorded m 36,000 admissions to the Urologic Service of Bellevue Hospital, 
New York City Eccles found five perineal testes in 936 instances of imperfect 
descent Over a 17 year period, there occui led 15 cases among 737 impel fectly 
descended testes seen at the Hospital for the Ruptured and Crippled at 
Boston (Coley 3 ) While rare, the perineal testis is more common than the 
pubopenile or femoral ectopies (McGregor 9 ) 

Etiology — McGregor accounts for this failure of descent of a testis on 
an anatomic basis He found that “In the pei meal region there exist on each 
side two ridges of fascia which sepaiate three pouches The perineoscrotal 
reduplication of Codes’ fascia separates the scrotal from the superficial perineal 
pouch This reduplication foims a smooth ridge The fascia of Colles here 
doubles back on itself at an acute angle in the adult dependent scrotum and at 
a nght-angle m the fetal scrotum The testis or gubeinaculum, having traversed 
what he calls the thud inguinal ring, passes down the scrotal neck and arrives 
at this ridge At the sixth month, there is a well marked scrotal pouch in the 
v ast majority of cases Should the fascial reduplication narrow or occlude 
the onfice, the testis cannot enter the scrotum and may pass posterior to it into 
the penneum ” 

Heiedity has been considered a factor in the etiology, Godaid mentioned 
jjc ase where father and son both had a perineal testis 

Submitted for publication December 13, 1937 
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Sonneland 13 believes that many perineal testes aie traumatic rather than 
congenital in origin That a sciotal or inguinal testis may be luxated to a 
perineal position is suggested by the anatomic studies of McGiegor, but how 
often this actually occuis is unknown Godaid leported the case of a man, 
age 56, who wore a tight bandage over an interstitial type of ectopy which 
changed it to the penneal vanety 

Complications — One would expect the same complications to occur in the 
perineal as in the othei forms of undescended testes Franz reports an 
instance of epididymitis m a male, age 24, with a left perineal testis, but 
whethei theie is a gieatei piedilection for the ectopic organ is unknown 



Fig 1 — Case i (Path No A 36 2056) Left 
penneal testis in man age 54 Photomicrograph 
showing marked degenerative changes in semi 
niferous tubules with hyalimzation, increase in 
fibrous interstitial tissue No spermatozoa 
(X150) 


Fig 2 — Case 1 (Path No A 36 2036) Right 
descended testis Photomicrographs showing testis 
to be normal except for slight disorganization 

(X 150) 


No instance of malignancy of a penneal testis has been lepoited in the available 
literature, piobably because too few cases of penneal ectopy have been 
reported 

Histology — Sonneland, in 1924, could find no histologic study of a penneal 
testis Even at the present time, no mention of the minute anatomy of such 
oigans can be found 111 the available liteiature McGregor states that the 
penneal testis is usually of normal size and development This statement is 
sui prising, knowing from clinical and experimental studies how atrophic the 
testis becomes when deprived of its scrotal environment From a histologic 
point of view, the appended case reports are instiuctive 
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Case x — No UH 621277 R P , age 54, was admitted to the University of Minne- 
sota Hospitals October 9, 1936 He had been treated in the Out-Patient Clinics for a 
chronic duodenal ulcer, tabes dorsalis, and a neurogenic vesical dysfunction He had been 
receiving antisyphilitic theiapy, and had followed a medical regimen foi the duodenal 
ulcei Because of marked pyloric obstruction and epigastric pain, he was referred to 
the hospital, wheie a posterior gastro-entei ostomy was performed, fiom which he died 
Physical Examination — The patient had a perineal testis He had no symptoms 
referable to this abnormality The perineal testis was situated on the left side near the 
scrotal-thigh juncture, and could be pushed postenoi to the scrotum near the median raphe 
and anteriorly in front of the pubic bone It measured 3 by 2^4 by 2 cm There was a 
left indirect inguinal hernia , the spermatic cord was not definitely felt on the left The 
scrotum was atrophic on this side The right testis was normal in size, shape and position 
and measured 4V2 by 3 by 2 cm 



Tig 3 A and B — Case 2 Left perineal testis m boy, age six The testis has been pushed up toward 
inguinal region Note atrophic scrotum on left side 


Autopsy Repoit — The right testicle weighed 23 Gm and the left 8 Gm The left 
testis was definitely atrophic in appearance The relationship of the epididymis and testis 
was normal The tunics of the ectopic gonad were thickened Microscopically (Path 
■No A-36-2056), the perineal testis showed marked degeneration of the seminiferous 
tubules , no spermatogemc cells were seen There was an increase in the interstitial tissue 
(Fig x) The light testis was fairly normal m appearance except for some disorganization 
of the germinal epithelium probably the result of the patient’s terminal illness (Fig 2) 
Case 2 — No UH 632363 E B , age six, was admitted to the Out-Patient Pediatric 
Clmic with a left indirect inguinal hernia and a left perineal testis Past history was 
essentially negative except that the child had been operated upon at two weeks of age for 
Pyloric stenosis (Rammstedt operation) 

Physical Examination revealed that while the right testis was m the scrotum, the left 
testis lay under the skin in the perineum , it could, however, be pushed between the 
5c rotum and thigh to the left inguinal ligament The testes were the same size and 
Measured 1% by 1 by x cm The patient’s mother said that at no time had there been 
symptoms referrable to the ectopic organ (Figs 3A and B) The patient was referred 
0 the hospital for a left orchiopexy 
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Opeiahon — October 26, 1937 The procedure employed was Wangensteen’s modifica- 
tion of the Keetley-Torek operation A vaginal type of congenital hernia was present 
A fibromuscular band of tissue about 4 cm long (the gubernaculum) extended from the 
lowest portion of the hernial sac and testis and spread out into the fibrous tissue m the 
scrotal-thigh juncture From the exteinal ring the testis could be pushed over the 
inguinal ligament along the scrotal-thigh juncture almost posterior to the scrotum The 
scrotal neck was stenotic and closed over by fibrous tissue Definite evidence of reduplica- 
tion of Colies’ fascia in this region, as McGregor described, was not seen 

There was a slight separation of the testis and epididymis and an appendix testis was 
present The ectopic testis measured 1 by 3/4 by 3/4 cm The tunics were not thickened 

A biopsy of the testis (Path No HO- 
37-3214) showed small seminiferous 
tubules separated by a loose connective 
tissue stroma The lumina of the 
tubules were obliterated by two to 
three irregular layers of darkly staining 
epithelial cells The whole appearance 
was that of a prepubertal testis, not un- 
like that which one would find in the 
normally descended testis of a boy of 
the same age (Fig 4) 

Ti eatment — The treatment ot 
the perineal testis is surgical 
While most patients with un- 
descended testes may have the 
operation defei red until the ninth 
to eleventh years, patients with 
pei meal testes probably should be 
operated upon earlier, as the 
chance of trauma to the ectopic 
gonad would seem to be greater 
The use of gonadotropic hormone 
is not indicated, because further 
descent will not improve the 
aberrant position, the value of 
using this substance to increase 
the size of the piepubertal perineal testis may be questioned The treatment 
of choice m this condition is orchiopexy 

SUMMARY 

That the perineal testis is a rare anomaly is evident since only slightly more 
than 100 cases have been thus far reported No mention of the histology of 
such organs has been found in the available literature 

Two cases of penneal testes are presented A histologic study of these 
two testes revealed the usual picture incident to cryptorchidism In the man, 
a S e 5 T the perineal testis showed the atrophic changes commonly seen in old, 
untreated undescended testis , in the young boy, age six, the ectopic testis had 
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Fig 4— -Case 2 (Path No HO 37 3214) Photo 
micrograph of a section of the perineal testis shown in 
Pig 3 The appearance is not unlike that seen in 
normally descended prepubertal testes of patients of 
same age (X 150) 
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the appeal ance of a prepubertal gonad, indistinguishable from that of a noi- 
mally descended testis in a patient of the same age 
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EFFECTS OF LIGATIONS ON NERVES OF THE EXTREMITIES 

Frederick M Allen, M D 
New York, N Y 

It has been shown in other papeis that ligations of the limbs result 
in an instiuctive foim of shock, and also that the lesistance to local asphyxia 
is greatei than is commonly supposed, since the limbs of animals can survive 
complete lack of circulation foi at least 15 hours, and the same is piesumably 
tiue foi man Gi anting a pioper foim of tourniquet applied without exces- 
sive tension, the dangei of gangiene under oidinaiy surgical conditions is 
laigely imaginary Ceitain other sequelae are of suigical interest, however, 
particulai ly, the occasional paialyses or contractuies Only two possible 
causes for such lesions exist namely, piessuie in the zone of ligation, and 
asphyxia Expenmental observations favonng each of these causes will be 
discussed 

Tiauina of Tourniquet — (1) In lats, brief ligations of a hind leg for five 
to 20 minutes cause vaiying degiees of injury, the motoi manifestations 
tanging fiom slight lameness to complete paialysis, while the lesponses to 
sensory stimuli indicate diffeient giades of obtunded sensibility lather than 
anesthesia The rabbit shows less effect than the lat, and the dog and cat 
are still moie lesistant, so that their legs can be ligated for seveial hours 
with compaiatively slight neivous effects Rathei than to assume that the 
tissues of the laiger species are less sensitive to asphyxia, it is moie rational 
to consider that their toughei structuie makes them more lesistant to piessure 
of the tourniquet 

(2) As the ligations of the lat’s leg aie lengthened beyond 20 minutes, 
the nervous effects increase, so that aftei 40 minutes there is complete paralysis 
and anesthesia There is 110 mciease of degree when the time of ligation is 
inci eased to as long as ten houis, but theie is a marked and progiessive m- 
ciease of duiation After the 40-minute ligation, the nerve functions may 
leturn within a day or two, but after the longest ligations the lecovery is 
delayed for several weeks, as will be shown later This lecoveiy is plainly 
the result of regeneiation of neives, because its piogiess is tiaceable from 
above downwaid If the neives must legeneiate aftei being killed by asphyxia, 
it is difficult to see why the piocess should be more lapid after a three-hour 
ligation than aftei a ten-hour ligation, but it is a leasonable assumption that 
moie severe and piolonged damage will result in the zone of ligation aftei 
ten houis than aftei three houis Similai lesults aie found in the larger 
species 

(3) Compaiatively brief ligations, fiom 15 minutes up to two horns, 
when suitably lepeated ovei a series of days, mciease both the degree and 
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the (filiation of the paralysis, which in some instances has taken as long as 
two months to clcai up 

Asphyxia — (i) When a small hole is dissected thiough the uppei leg, 
so that one rubbei ligatuie can be passed thiough on one side of the sciatic 
neive, and anothei ligatuie on the othei side of the leg, it is possible to ligate 
all stiuctuies of the leg except the neive, and the usual paialysis is still 
obtained A paitial objection can still be made that the nerve is damaged 
by an inflammatory piocess 

(2) Ehihch and Buegei obtained pi obliged paralysis of the hind legs, 
bladdei and lectum by clamping a rabbit’s aoita just postenor to the renal 
aitenes foi 45 to 60 minutes The water has duplicated this experiment, but 
a simpler way of obtaining the same lesult is by binding a heavy mbbei band 
tightly around the lower abdomen of a senn-anesthetized lat 01 labbit In a 
large number of such experiments peifonned upon rats, the more detailed 
findings weie as follows One hour is about the longest safe peiiod, strong 
lats will often endure one and one-half houis, but two hours 01 longer cause 
rapid death fiom shock The unpanment of defecation may continue for a 
couple of weeks but is seldom dangerous, occasionally it is lesponsible for 
fatal fecal obstiuction The bladder paialysis, accompanied by piostatic swell- 
ing, results m the death of all male lats within about a week, fiom unnaiy 
letention, with accompanying hycho-uietei and hydronephiosis Female rats, 
however, lecovei, and the paralytic mine letention and dribbling pass off 111 
about two weeks Other lesults aie illustrated in the following summaiy of a 
typical protocol 

Experiment i — Ligation of a lat’s abdomen for 45 minutes was followed by complete paialysis 
and anesthesia of rear parts, but within three hours sensation was again present in hind legs and tail 
Perfect sensory function continued, but motor paralysis remained complete until curling movements of 
tne tail (voluntary or reflex) were noticed on the fifteenth day Four days later a very slight use of 
the hind legs began, and increased steadily to normal locomotion, ten days later (29 days after ligation) 

In this expenment, the spinal cord is evidently protected against piessuie 
hy its bony encasement, and is nourished by its own blood vessels Also, if 
the paiaplegia were due to destiuction of the cord, regeneration would be 
impossible The conditions are still clearer when the paralysis results from 
hgation of the aorta alone Therefoie, it is positively demonstrated that 
paialysis can be pioduced m the rat’s legs by 45 minutes of asphyxia, un- 
complicated by any local tiaumatism 

It must be deduced fiom the above that paialyses due to destruction of 
neives can be caused both by direct ciushmg and inflammation in the legion 
°f the tourniquet, and by asphyxia It is possible for the direct tourniquet 
pressuie to give rise to ulceration, necrosis, scan mg and various peimanent 
defoinuties, m all the animal species used O11 the other hand, in hundreds 

expei iments peifonned for various pui poses, there has never been a single 
instance of peimanent damage when the paralysis was pioduced by asphyxia 
alone, without any local trauma The animal experiments, therefore, indicate 
that asphyxial mjuiy of nerves and also of the muscles (if not earned to the 
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point of gangiene) is always followed by complete lecoveiy, that, theiefore, 
the woid “ischemic” is wiongly applied to peimanent paialyses and con- 
tiactuies following the clinical use of the tourniquet, and that these effects 
are most piobably attnbutablc to du cct tiauma of the neives and muscles 
undei the tourniquet 

Influence of Tension and Tcmpeiatui e — All the statements in this papei 
are based upon the use of a nariow lubbei tourniquet, applied with just suffi- 
cient tension to stop the aitenal blood flow Obviously, excessive tightness 
of the hgatuie is a most piovocative cause of damage to the neives, vessels 
and all other tissues 

Loose, partial, 01 “venous” ligations, which impede the venous leturn 
while permitting arterial inflow, may pi oduce gi eat congestion and edema and 
some degiee of subsequent artenal hypeienua, but they do not cause paialysis 
01 anesthesia, even when piolonged to eight hours 01 lepeated ovei a series 
of days 

The statements also apply to lesults obtained at comfoi table 100m tem- 
peratures All the effects of asphyxia, including the neive degeneiations, are 
gieatly augmented 01 accelerated by heating the ligated part to febrile tem- 
peratures, and aie likewise progi essively letaided by cooling, down to a 
minimum close to o° C, as desenbed in other papei s 1 It also seems rea- 
sonably certain that the effects of duect piessuie of the tourniquet upon 
nerves and othei stiuctuies aie mci eased by warmth and diminished by 
cold, though data have not been collected foi positive proof 

Motoi and Sensoiy Rcgenei ation — As above mentioned, laige numbeis of 
experiments in lats have uniformly shown that sensation suffers less fiom 
ligation than muscular power Since the two kinds of neive fibeis supposedly 
do not diffei in physical resistance, and since they sometimes uin in the same 
nerve tiunks, it seems necessaiy to explain the diffei ent behavioi as a distinct 
diffei ence in sensitiveness to asphyxia 

There is an equally distinct difference in the lates of legenei ation Special 
observations on seveial scores of lats yielded the appended data on the rate 
of recoveiy following diffei ent peuods of asphyxia (Table I) 

Table I 


RATE or RECOVERY TOLLOWING DirrERENT PERIODS Or ASPHYXIA 


Duration of Ligation 
Ft to i hour 

2 to 3 hours 

4 to hours 

5 to hours 

8 to 9 hours 


Results 

Increasing impairment, up to complete paralysis and anesthesia, 
but usually passing off within a day or two 
Shortest recovery of sensation in 4 days, of muscular movement m 
12 days Latest recovery Only partial return of sensation in 23 
days with paralysis still complete 
Recovery of sensation in 18 to 22 days, of muscular movement in 

4 to 6 weeks 

Recovery of sensation in 16 to 24 days, of muscular movement in 

5 to 6 weeks 

Sensation evident m 3 to 4 weeks, but apparently blunted Recov- 
ery of muscular movement in 7 to 8 weeks 
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Coinpmative Resistance of Neive Fibers and Cells — At the time of pub- 
lishing (1919, 1922) the experiments with clamping of the pancreatic vessels, 
the wiitei” was only partially acquainted with the literature of asphyxial effects 
upon nerve cells, and, therefore, had some hopes of obtaining totally denei vated 
oigans by stopping the blood supply long enough for all nervous elements to 
degeneiate while the glandulai tissues suivived It was a sui prise to find 
the numeious mtrapancreatic ganglia 111 excellent condition microscopically 
aftei asphyxy foi as long as two houis, the impression ai lived at was that 
the neive cells could stuvive fully as long without cn dilation as the epithelial 
cells This obseivation has since been learned to be m haimony with those 
of eaiher investigators 

The eaihest tests (Mayei, 7 1878) showed that biain functions could not 
be lestored aftei the caiotid and vertebral aitenes had been clamped for ten 
minutes Batelli 3 extended this time to 15 minutes m some instances, when 
the circulation was arrested at the heart or aorta The findings of Stewait, 
Guthne, Bums and Pike 11 weie confirmatory Others (Ehrlich and Brieger 5 , 
Spionck 10 , Sarbo 8 , Gomez and Pike 0 ) proved that the small pyramidal cells ot 
the cortex were the most sensitive, being killed 111 eight minutes, while the 
Puikmje cells biealc down after 13 minutes The cells of the medulla require 
20 to 30 minutes of anemia before the damage is irreparable The cells of the 
spinal coid and spinal ganglia stuvive asphyxia tip to 45 or possible to 60 
minutes The cervical ganglia (Tuckett, 13 Schroeder 0 ) retain structure and 
function aftei more than 60 minutes, being moie resistant than the cells of 
the central nei vous system 

Cannon and Burket demolish ated that when the blood supply of poitions 
of intestine is completely ligated off for six or seven hours, the ganglion 
cells of the myenteric plexus still retain normal microscopic appearance and 
functional capacity They point out the importance of this remarkable 
resisting power m relation to hernia, intussusception and other accidents 
involving tempoiaiy anemia If, instead of ligation, the anemia was produced 
by broad pressuie between two plates of glass, the nerve cells could survive 
for only three and one-half houis, and, fuithermore, the smooth muscle tissue 
suffeied lound cell infiltration and paitial leplacement by fibrous tissue 
Whether the leason is because of the more complete pressing out of blood, 
as Cannon and Burket 1 seem to imply, or a displacement of lymph and tissue 
fluids, or direct injury of the cells by pressure, the use of glass plates seems 
to be comparable to the employment of wide tourniquets of any type As 
mentioned elsewhere, the prevalent suigical practice of tiymg for a wide 
distubution of pressure is, according to experimental evidence, not as gentle 
and conservative of tissue vitality as has been supposed, but is actually moie 
destructive than a nanow ligature, piovided the piessuie in each instance is 
just sufficient to stop the blood flow 

These lesults, showing no seuous damage to ganglion cells after six or 
se\en hours of ligation, may be compaied with those previously described, m 
"hich motoi and sensory paialysis of the limbs was obtained aftei much 

1091 



FREDERICK M ALLEN 


Annalsof burterj 
December 10 3 3 


shoitei ligations The comparison is best made with the expenments m 
which paralysis of the hind legs of rats and rabbits lesulted from about an 
hour of stoppage of circulation in the abdominal aorta, so that any mechanical 
traumatism of the kg nerves by the tourniquet is excluded The conclusion 
seems appaient that the peiipheial nerves aie more lesistant to asphyxia than 
the cells of the cential nervous system, but less lesistant than sympathetic 
ganglion cells Caieful attention should be paid to possible differences between 
species before di awing such conclusions too positively The temperatuie 
during ligation is also a most impoitant factoi Since the myentenc plexus 
letains its function aftei the ligations mentioned, theie must be a survival of 
the fibers as well as the ganglion cells In the leg ligations, no anatomic 
studies have been made to deteimme whethei the sympathetic fibers degenerate 
along with the motoi and sensoiy fibers, m which case the prolonged hyper- 
emia must be stnctly paialytic m charactei , 01 whethei all the sympathetic 
fibeis survive, or only the vasoconsti ictoi s degeneiate, so that theie may be a 
nervous element m the vasodilatation Theie is a veiy obvious teleologic 
leason foi the high resistance of penpheral ganglion cells, because of the 
chance of then being exposed to anemia foi periods which would kill cential 
nervous cells and because of the urepaiable damage resulting fiorn their loss 
There is no such teleologic reason foi lesistance on the pait of the fibers, 
because they can legeneiate, but it is physiologically difficult to compiehend 
survival of the cell bodies undei conditions which kill their neuiaxes If the 
contrast exists between the entue sympathetic neuione and the entire cerebial 
or spinal neurone, or between preganglionic and postganglionic fibers, there 
may be a useful experimental opportunity to free an oigan from part or all 
of its mneivation by means of suitable asphyxia It may also be mquued 
whether the different resistance of cential and peripheral nerve cells, or of 
motoi, sensoiy and sympathetic nerves is connected with differences in the 
activity of their metabolism 01 with othei causes The entire question of 
diffeiences in resistance to anemia is theiefore interesting but unsettled 

CONCLUSIONS 

(1) The neive lesions lesulting from ligation of limbs may be caused 
eithei by dnect piessuie of the tourniquet 01 by asphyxia The experimental 
evidence suggests that peimanent paialyses arise only from the formei cause 
It fuithei suggests that wide pressuie is moie mjui 1011s than a nanow band 

(2) The duiation of the neive paialyses mcieases in pioportion to the 
time of ligation, as illustrated by a schedule of the penods lequned for 
lecoveiy m the legs of lats after giaded penods of ligation 

(3) The tension of the tourniquet, and the tempeiatuie dining ligation, 
aie impoitant factoi s in the aftei -effects 

(4) Motoi and sensoiy neives diffei in then sensitiveness to asphyxia, in 
that the foimei suffei paialysis much moie leadily and also regenerate moie 
slowly 

(5) These expeuments, togethei with the existing liteiature, show that 
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pcnpheial ganglion cells aie enoimously moie lesistant than the fibeis ot 
cerebial oi spinal neives Numeious details concerning the comparative 
lesistance of vanous neive cells and fibeis are undecided 

REFERENCES 

1 Allen, F M Trans Assn Amer Phys , 52, 189, 1937 Surgery, 3, 893, 1938 Amer J 

Surg, Aug, 1938 Other papers in press 

2 Allen, F M J Metabolic Research, x, 53-73, 1922 Rockefeller Institute Monograph 

No 11, 1919 

3 Batteli, F J de physiol et de path gen , 2, 443- 456, 1900 

‘Cannon, W B, and Burket, J R Amer J Physiol, 32, 347-357, 1913 
“Ehrlich and Brieger Ztschr khn Med, 7, Suppl , 155, 1884 (Ref by Cannon and 
Burket *) 

0 Gomez and Pike J E\per Med, ix, 262, 1909 (Ref by Cannon and Burket 4 ) 

7 Mayer, S Zentralbl f d med Wissensch , 16, 579-581, 1878 
s Sarbo (Ref by Cannon and Burket 4 ) 

“Schroeder (Ref by Cannon and Burket 4 ) 

10 Spronck (Ref by Cannon and Burket 4 ) 

11 Stewart, Guthrie, Burns and Pike J E\per Med, 8, 316, 1906 (Ref by Cannon 

and Burket 4 ) 

ja Tuckett (Ref by Cannon and Burket 4 ) 


1093 



ACUTE HEMATOGENOUS BURSITIS 

Mourns 13 Goo perm an, M D 
Purr adlli'iiia. Pa 

Acute bin sal infections of metastatic origin aie lare complications that 
may anse m the couise of, oi as sequelae to, the acute infectious diseases, 
septicemias, or as secondary, metastatic lesions in pulmonaiy, otitic, upper 
lespnatoiy, dental, or dermal suppuration 

The onset may be insidious or sudden, with chills, fevei and prostiation 
The local lesion makes its presence known by localized pain over a joint, slight 
swelling, limitation of movement due to pain and muscle spasm Before the 
inflammatoiy exudate is of sufficient amount to distend the sac, the condition 
may be mistaken foi acute infectious arthritis, or osteomyelitis As the dis- 
ease progresses, howevei, the inflamed buisa may become clearly outlined and 
palpable Undoubtedly, deep seated buisitis in any location is more often 
ovei looked than lecogmzed A knowledge of the location, extent, and pos- 
sible pathology of bursae may, in many cases of unyielding inflammation, ex- 
plain the obscure pain about such regions as the hip, shouldei or knees Bur- 
sitis should always be consideied in deep seated abscesses of obscure origin, 
especially in the neighboihood of the buttock 

Metastatic bursal abscesses may occur at any age, but the disease is moie 
common in adults Purulent effusion in the subacromial bursae was obseived 
by the writei in two infants suffeung from gonococcus bacteiienna Incision 
yielded pus which on culture showed the gonococcus 

Boissonas and Kummer 1 quote A Martin who, in 1929, leported a number 
of cases of suppuiation in the muscles, synovia, joints and bursae, following 
varicella One case showed suppuration of the trochanteric bursa and one 
of the letro-olecranon bursa Recovery occuued aftei incision and drainage 
J M Hitzrot 2 reported thiee cases of infectious, calcific subacionual 
buisitis In one, a hemolytic Streptococcus, onginating in a tooth, a sinus in 
anothei, and a hemolytic Staphylococcus aureus in an ulceration of the ceivix, 
were recoveied in the exudate evacuated at operation Hitzrot observed an- 
other case of suppurative bursitis involving the bursa, ovei the coracoclavicu- 
lar ligament, which appeared in a man three weeks after mastoidectomy 
secondary to pneumonia Incision yielded pus, which on culture showed a 
Streptococcus 

B S Barnes 3 lepoited two cases of suppuration of the shoulder, one of 
these involving the subaciomial bursae The patient was a woman, age 35. 
who suffered from a Stieptococcus septicemia, secondary to an induced aboi- 
tion During the course of hei illness, the left shoulder became invo lved and 
Submitted for publication January 22, 1938 
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a Iaige collection of pus was evacuated from the subaciomial buisa Blood 
and smeai cultures showed the piesence of hemolytic Stieptococci 

Codman 4 consideis acute suppuiative subaciomial bursitis a raie lesion 
In 1,151 vaiious shouldei lesions, he saw only one suppurating acute case 
from pathogenic bactena Even this case was doubtful, and was probably to 
be explained by contamination of the cultuie 

Weeks and Delpart 5 stiess the impoitance of focal infection in cases of 
subaciomial buisitis Acute symptoms may occur aftei a penod of rest and 
without immediate antecedent trauma 

In then cases, some uppei lespnatoiy infection, such as cold, influenza, 
or abscessed teeth, usually pieceded onset of shoulder pain They do not 
make any lefeiences to acute suppuiative lesions 111 their communication 
L Carp 0 repotted eight cases of radiohumeral bursitis, but none of these 
was of the infectious type One case was opeiated upon by Di S Klembeig 
The bursal cyst contained a milky fluid, which on cultuie was negative Micro- 
scopic examination revealed thickened mflammatoiy tissue, foreign body giant 
cells, and megulai deposits of calcaieous material 

Lasher and Mathewson," wilting upon olecianon buisitis, state that fre- 
quently at the time of an injury supeificial abiasions or lacerations of the 
skin occui These afford a portal of entiy for low giade infections, and the 
synovial fluid in the distended bui sae becomes an excellent culture medium foi 
the slow prolifeiation of invading oiganisms The occui rence of osteomye- 
litis is almost an invaiiable complication when the buisa is distended with pus 
The type of lesions these authois describe was due to local penetiation of 
bacteria Then cases weie not of metastatic ongin 

Six cases of metastatic bui sal abscess foim the basis of the piesent com- 
munication The subaciomial buisa was involved in foui patients, the glu- 
teal and prepatellar 111 two 

The disease occui red as a complication 111 two cases of acute mastoid 
suppuration, in two cases of pulmonary suppuiation, and m one case ol 
Staphylococcic septicemia, secondaiy to caibuncle In one case of purulent 
subaciomial buisitis, we did not ascertain the ongin of the abscess Blood 
cultures were positive in two patients In the cases of otitic ongin, smear 
studies of the dischaige fiom the ear and evacuated bui sal pus, similar or- 
ganisms weie isolated — pneumococcus Type 3, and hemolytic Streptococci 
Patients with positive blood cultuies levealed identical oiganisms in the bui- 
sal pus — hemolytic Streptococci and hemolytic Staphylococcus aureus 

Needling was employed m all cases as a diagnostic measuie This ven- 
ded the diagnosis of abscess m all but the case of gluteal buisitis In this 
case an eaily diagnosis was not made Spontaneous rupture occui red six 
weeks aftei onset of the disease 

Suppurativu Subacromial Bursitis 

Case 1 — p p j male, age 62, was admitted February 20, 1936 to Mt Sinai Hos- 
pital, for treatment of acute mastoiditis of four weeks’ duration Roentgenologic ex- 
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animation revealed a cloudy mastoid with ill-defined and decalcified cellular structures 
Temperature, 99 2° F , blood pressuie, 150/75 While the ear condition represented 
the major lesion, the patient had also complained of pain and stiffness of the left 
shoulder for the previous three weeks 

Physical Examination The left eai revealed a profuse, yellow discharge, perfora- 
tion of ear drum, and mastoid tenderness Heart, lungs and abdomen were negative 
The left shoulder joint was painful, tender and stiff Movements were restricted by 
muscle spasm No effusion was demonstrable in the joint or subacromial bursa 

Laboiatoiy Data Blood count Hb 92, RBC 4,700,000, WBC 12,300, large 
lymphocytes 26, ti ansitionals 2 Urea nitrogen 233 Blood sugar 140 Urine faint 
trace albumen, occasional WBC and hyaline casts 

Opeiation — February 20, 1936 Mastoidectomy was performed under general anes- 
thesia Extensive necrosis necessitated removal of considerable bone During course 
of operation, the lateral sinus was accidentally opened, requiring packing to check the 
hemorrhage 

Postopei atwc Cota sc Five days after operation, the patient developed a chill, tem- 
perature rose to 103° F , pain in the shoulder became accentuated, fluctuation over 
subacromial bursa was demonstrable Roentgenologic examination revealed slight erosion 
of greater tuberosity and anatomic neck of humerus Blood culture was negative Diag- 
nostic bursal tap yielded bloody pus Under local anesthesia, a two inch, linear incision 
was made over the upper arm, the fibers of the deltoid muscle were separated, and a 
copious purulent collection m the subacromial bursa evacuated Finger exploration failed 
to reveal any perforation in bursal floor Smear and culture studies from ear and 
bursa revealed pneumococcus Type 3 Systemic and local symptoms promptly sub- 
sided following above proceduie Complete functional restoration of the involved shoulder 
was obtained in six weeks 

Case 2 — D M , male, age 33, was admitted to Mt Sinai Hospital November 16, 
1937, with chief complaint of pain and stiffness of left shoulder, low back pam and a 
sciatic syndrome These symptoms were attributed to an injury sustained two weeks 
previously Prior to this admission, the patient had been in the hospital in a critical 
condition for about three months, having been discharged September 26, 1937 Begin- 
ning with a carbuncle on his uppei back, he had developed a severe hemolytic Staphy- 
lococcic am cus septicemia During the course of this illness, the following complications 
were noted five lung abscesses, hepatitis, empyema, atelectasis, metastatic skin abscesses 
and a renal carbuncle It is interesting to note that the bones and joints escaped the 
infection at this time Therapy consisted of surgical drainage of the carbuncle, trans- 
fusions, hemotherapy, antitoxin vaccine and bacteriophage The patient improved gen- 
erally under symptomatic treatment and measuies to build up his general condition On 
leaving the hospital, he was asymptomatic and continued to improve until the onset 
of the present illness The injuries were treated as sprains, but did not respond to 
rest and physiotherapy 

Physical Examination on admission revealed an emaciated, debilitated, anemic young 
man Temperature 102° F, pulse 100, respirations 24 The left shoulder was painful, 
the surface temperature was elevated, and tenderness was elicited upon pressure over 
the greater and lesser tuberosities Slight fluctuation was demonstrable over the suba- 
cromial area Rotation and elevation of the shoulder were restricted by muscle spasm 
Examination of back revealed spasm of the erector spinae, pain on movement and per- 
cussion over lumbai vertebiae, and restricted straight leg-raising on left side Heart, 
lungs and abdomen weie negative Leukocytosis 12,600, 79 pei cent polymorphonuclears 
Blood and casts were found in the urine The tempeiature was of a septic type Blood 
cultures were negative Roentgenologic examination of left shoulder showed thickening 
of cortex along mesial aspect of left humerus , the spine showed a narrowed fifth lumbar 
intervertebral space, and prolapse of nucleus pulposi into the fourth and fifth lumbar 
vertebrae Diagnostic bursal tap yielded seropurulent material which on culture showed 
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hemolytic Staphylococcus aniens On December 2, 1937, drainage of the subacromial 
bursa was instituted and bloody pus evacuated Finger exploration revealed a few fibrous 
strands beneath the acromion and tabs on the floor of the bursa Perforation through 
the floor was neither observed nor felt Systemic and local symptoms promptly sub- 
sided following operation A plaster of pans jacket was applied to immobilize the spme, 
and the patient was discharged December 5, 1937 in care of his physician 

Case 3 — U K , male, age 65, was admitted to the Mt Sinai Hospital Clinic De- 
cember 21, 1937, with a painful, swollen, stiff right shoulder, of sudden onset, unknown 
etiology, and of five days’ duration 

Physical Examination revealed a well developed Russian, with advanced peripheral 
arteriosclerosis, dental caries and diseased tonsils Owing to language difficulties, a 



Fie 1 — Case 4 Showing the esterna! contour of the effusion in the left subacromial 

bursa 


clear idea of his previous medical history could not be obtained Temperature 100° F , 
pulse 90 The right shoulder presented an enormous effusion in the region of the 
subacromial bursa, as evidenced by the marked roundness of the shoulder and fluctuation 
beneath the acromion process Aspiration yielded thick, creamy, greenish pus, which 
on culture and smear examination was negative for T B , or other organisms Under 
novocain anesthesia, a two inch, linear incision was made below the acromion process 
Upon separating the fibers of the deltoid, the tense bursal wall was noted Incision 
yielded a copious flow of flaky, greenish pus Finger exploration revealed a roughened 
floor, but capsular tears, villi, or tabs were not present The peripheral termination 
of the bursa was located about three inches below the upper end of the humerus Rubber 
dam was inserted for drainage The patient did not return for further treatment 

Case 4 — J B , male, age 52, was admitted to the Aft Sinai Hospital October 30. 
*937, complaining of pain and swelling of the left wrist and left knee, cough, and loss 
of weight Three months pi 101 to admission, the patient had developed a cough, fol- 
lowing an acute uppei respiratory infection The cough was productive and associated 
with chest pam On one occasion, blood specks were noted Ten days before admission, 
he developed pain and swelling of left knee and left wrist 
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Physical Examination revealed an emaciated, middle-aged white male, with herpes 
labiahs, coated tongue, and congested pharynx Chest revealed bubbling rales at left 
base Heart showed slight enlargement, irregular eardiac rhythm and poor tone Left 
knee was swollen, painful, and flexed Left wrist and hand were swollen, movements 
restricted and painful Temperature was moderately elevated, and irregular, fluctuating 
between 99 0 and 101° F Blood culture showed the presence of hemolytic St) cptococci 
Roentgenologic examination of the chest revealed enlarged heart, right hilar mass and 
normal knee and wrist joints Under sulphamlamide therapy, 15 grains four times 
daily, the joint symptoms subsided and the blood culture became negative The patient 
subsequently developed a very large pericardial effusion, which was repeatedly tapped 
during the following six weeks The total amount withdrawn was approximately 6,500 
cc On December 15, 1937, a painless effusion was noted in the subacromial bursa of 
the left shoulder (Fig 1) Abduction and rotation of this joint were restricted by 
contracture of scapulohumeral muscles Aspiration of the subacromial bursa yielded 
bloody pus Under local anesthesia, a two inch, linear incision was made over the 
shoulder, the fibers of the deltoid muscle separated, and a tense distended subdeltoid 
sac was revealed Incision resulted in evacuation of a considerable amount of pus 
Finger exploration revealed a smooth bursal floor with no apparent perforation through 
the capsule, the wall itself was thick and congested Culture of the pus removed re- 
vealed a hemolytic Streptococcus — the same organism which had been responsible for the 
septicemia earlier in the course of the disease Roentgenologic examination of the left 
shoulder showed evidences of erosion and absorption of the greater tuberosity of the 
head of the humerus This patient is still m the hospital with the cardiac condition 
He has at the present time an adhesive pericarditis which interferes markedly with the 
circulation An operation has been considered to relieve this condition Range of 
motion of the shoulder is still greatly limited 

Heaiatogenous, Suppurative Prepatellar Bursitis 

Case 5 — S C, male, age 70, was admitted to the Northern Liberties Hospital 
September 28, 1935, complaining of pain in the right ear of ten days’ duration, pain in 
the right knee, fever, and prostration Temperature 105° F, pulse 130, respirations 3° 
Two days before admission, a paracentesis of the right ear was performed, resulting 
in a discharge of pus 

Physical Examination revealed an obese male, BP 160/80, cardiac decompensation, 
moist rales in both lungs, enlarged liver and a swollen, painful right knee Roentgenologic 
examination of the right ear revealed a cloud} mastoid with thinning and absorption of 
the cells and a thickening of the anterior wall of the lateral sinus , the right knee was 
negative WBC 15,800, polymorphonuclears 95 per cent, RBC 4,150,000, Hb 77 
per cent Blood sugar 133, blood culture sterile, Wassermann negative A swollen 
prepatellar bursa was recognized October 3, 1935, which yielded thick creamy pus on 
aspiration The bursa was incised and drained Following this procedure, the tem- 
perature which had been of the septic type gradually dropped to a lower level This 
patient remained in the hospital for about one month His ear symptoms graduall) 
lessened No radical procedures upon the mastoid were attempted, owing to his des- 
perate condition Smear studies from ear discharge and knee revealed a hemolytic 
Streptococcus 

Hematogenous Suppurativi Gluti al Bursitis 

Case 6 — M A , female, age 27, married, was admitted to kit Sinai Hospital Oc- 
tober 18, 1936, complaining of chills, fever, prostration, and severe pain in the left 
buttock of eight days’ duration, sudden m onset, and attributed to exposure to cold 
and wet Except for bronchiectasis, her previous medical history was irrelevant She 
had had three children, the last having been born two and one-half months ago 

Physical Examination revealed a well-de\ eloped woman, acutely ill, temperature of 
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103° F, pulse 130, respirations 28, and an acute inflammatory process involving either 
the left ilium or flip joint, and chronic pulmonary pathology (bionchiectasis) Objective 
findings were niaiked tenderness over a limited area in the left buttock about foui 
fingerbreadths below the ciest of the left ilium, and one fingerbrcadth lateral to the 
outei border of the sacrum Fle\ion of eitliei extended leg upon the abdomen accentuated 
the pam 111 the right buttock The upper cxtiennty of the thigh, in the tiochanteric 
region, was not tender to piessure Theie was no demonstiable swelling in this region 

Vaginal examination revealed no abnormality other than a ceivical discharge Rectal 
examination was negative Roentgenologic examination following a barium enema re- 
vealed a 1101 mal colon, the pelvis and left hip joint were negative except for a small 
area of increased density, suggestive of a calcium deposit in the soft structures of the 
left buttock RBC 3,450,000, WBC 15,500, polymorphonuclears 84 per cent, small 
lymphocytes 13 per cent, Pr 3, Hb 74, urea nitrogen 158, blood sugar 99, Wasser- 
mann, Widal and compliment fixation for gonococci negative Uranalysis Faint trace 
of albumen, few WBC and RBC, no casts Blood culture was sterile Although the 
roentgenograms were negative for bone pathology a provisional diagnosis of acute 
osteomyelitis of left ilium was made, and the patient was treated expectantly for three 
weeks During this period, the pain in left buttock persisted, temperature fluctuated 
between 99 0 and iox° F, and the pulse rate was accelerated, ranging between 100 and 
120 She received several blood transfusions, supportive measures and sedatives On 
one occasion aspiration of the right buttock resulted in a dry tap A plaster of pans 
encasement was applied October 26, 1937, but was removed a week later since it did 
not relieve the local symptoms 

Opeiation — November 4, 1937 The left ilium was explored through a large in- 
cision over the left buttock, exposing the sacro-iliac joint and ilium Careful palpation 
and inspection failed to reveal any periosteal thickening or subperiosteal abscess A tube 
dram was inserted into the lower angle of the wound Following this procedure, the 
temperature became more elevated and assumed a septic type Blood cultures con- 
tinued to be sterile, and roentgenologic examination failed to reveal any bone involve- 
ment The above symptoms persisted until November 26, 1937, at which time there 
occurred a spontaneous rupture of pus through the healed incision in the buttock From 
then on she continued to convalesce satisfactorily and was discharged December 13, 
l 937, with a small draining sinus in the buttock It is highly probable that the bron- 
chiectasis was the primary source of infection, and that the gluteal abscess was a sec- 
ondary metastatic manifestation of this condition Antecedent trauma or other illnesses 
were not in evidence Smear studies of the pus were not made 

Comment — Inflammation of the bursae beneath the gluteal muscles con- 
stitutes one of the most puzzling and frequently overlooked lesions 111 the 
vicinity of the hip joint The acute syndrome simulates hip joint disease, 
osteomyelitis of the ilium, or acute septic arthritis of the sacro-ihac joint The 
onset is acute, with high temperature, pain m the hip or buttock, and piostia- 
tion Pressuie about the hip elicits exquisite tenderness, pam is accentuated 
by movements of the joint Occasionally a sciatic syndrome is present due to 
pressure on the sciatic or gluteal nerves Diagnosis of acute suppurative aith- 
utis of the hip joint is usually made in these patients, and an arthrotomy 
perfoimed Thus an otherwise simple lesion is converted into a very serious 
condition, which threatens life or causes a permanent crippling disability 

In studying the anatomy of the buttock, we have been impressed with the 
,ai § e nunibei of bursae which are located in this legion Spalteholtz esti- 
mates the number to he fiom 10 to 30 Accoiding to Qtiain, among the more 
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impoitant, constant bin sac m this legion is the huge multiloculai tiochantenc 
huisa, and a numhei of smallei buisae connected with the gluteus medius and 
minimus, pmfoimis and ischium J E Milgram s has given us an excellent 
descuption of the connection between these buisae and the fascial planes of 
the thigh 

When the tiochantenc buisa is affected theie is tenderness ovei the gieat 
tiochantei, and pain on movement of the limb 1 he extremity is flexed, 
abducted, and externally lotated A lesihent tumoi develops posterior to the 
tiochanter, underneath the aponeutosis of the gluteus maximus, which oblit- 
erates the hollow behind the tiochantei The gluteal fold may be effaced 
In advanced cases, the pui ulent collection may spi ead along the fascial planes 
of the thigh, down to the external condyle The fingei-like prolongation of 
this buisa, which extends towaids the sciatic neive, may be involved, in which 
event severe pain down the leg may lesuit 

Bursitis about the buttock, other than the tiochantenc, is diffeientiated by 
the anatomic situation of the buisae, and by eliciting pain upon voluntary 
contraction of the muscle ovei lying the involved buisa Foui bursae, two 
undei the gluteus medius, one undei the gluteus minimus, and one at the 
edge of the pinfornus, aie closely associated, and paiticulaily related to the 
summit of the trochantei Symptoms point above the tiochanter and are 
confined to the side of the pelvis, they may simulate osteomyelitis of the 
ilium In these cases, the inflammation may give rise to deep-seated pain in 
the buttock, ladiatmg down the leg, without any sti iking change in the con- 
toui of the buttock (Case 6 ) 

In acute suppui ations of the hip joint 01 osteomyelitis involving the upper 
end of the femui, all movements are restucted by painful muscular spasm 
Jairing of the joint is painful Theie is no swelling or tenderness of the but- 
tock, but theie is a fulness of the upper thigh The capsule of the hip is 
distended and fluctuation may be demonstiable over its antenor aspect Diag- 
nostic tap is conclusive Osteomyelitis of the ilium and suppurative arthutis 
of the sacro-iliac joint begin with a more violent onset, both locally and con- 
stitutionally While loentgenologic examinations are valueless early in the 
couise of these conditions, positive evidence becomes available as the disease 
progresses 

CONCLUSIONS 

(1) Pui ulent collections m bursal cavities may occur as complications in 
the course of blood stieam infections, and give use to local symptoms which 
simulate septic aitlnitis 01 osteomyelitis Case histones of six patients pre- 
senting these lesions are herewith lecoided 

(2) A knowledge of the location, extent, and possible pathology of bursae 
is essential 111 diffeientiating these conditions from mtia-aiticular 01 osseus 
lesions The roentgenologic examination and diagnostic tap are the most 
lehable diagnostic piocedures 
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(3) Suppuiative gluteal bursitis should always be consideied as a diag- 
nostic possibility 111 cases of deepseated pain m the buttock, associated with 
constitutional symptoms, and negative roentgenologic findings 

(4) Incision and diainage aie indicated when fluctuation is demolish able 
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CHROMICIZED BEEF TENDON FOR INTERNAL FIXATION 

OF FRACTURES 4 

Frank P Stricicler, M D 

Louisville, Ka 

The wntei is familial with the various methods of internal fixation of 
fiactuies, such as autogenous, osteopenosteal, massive onlay, inlay and beef 
bone giafts and also the employment of pins 01 pegs, etc , in and outside of 
the medullaiy canal, as well as pins, nails and plates used foi the internal 
fixation of fractuies, all of which have been used foi internal fixation when 
it was consideied they weie indicated, and with which moie 01 less good 
results have been obtained However, the obseivations of Venable, Stuck 
and Beach 1 on the vanous types of metal used foi internal fixation of bone 
and the accompanying electiolysis have caused me to cpiestion, somewhat, the 
employment of metal for fixation Likewise, theie have been many discus- 
sions both for and against all the methods and matenals used in internal bone 
fixation The whole question is, appaiently, fai fiom settled and, theiefore, 
the new material heiewith suggested may not be out of place 

Deside) ata — Some fom yeais ago, it occuued to the wntei that it would 
be desnable to have a mateual that, as neaily as possible, possessed the quali- 
ties of an autogenous graft without the necessity of lemoving the graft fiom 
anothei pait of the body and subjecting the patient to this additional suigeiy 
It was leahzed that no mateual could be obtained that would repioduce bone 
This material, theiefoie, could only act as a splint, should be propeily ster- 
ilized and placed in glass tubes , should be absoibable, but should stay in place 
a sufficient length of time, and maintain leduction of the fiactuie long enough 
for union to get well started or be completed The material should also be 
well toleiated by the tissues It should be easy to woik with, and come fash- 
ioned as a plate, cuff, pin 01 peg, as these foi ms of material aie most ac- 
ceptable to the majonty of bone suigeons It should be easily secuied and 
of model ate cost 

Such a mateual could, appaiently, only be piocuied fiom animals The 
tendo achillis of the steei was consideied to offei a stiuctuie of sufficient 
strength and piopei histologic lequuements Fiom the lesults obtained by 
Shipley with ox fascia, we weie leasonably ceitain that this tendon obtained 
from the steei would be well toleiated by the tissues, if piopeily piepared 

Chronucized beef tendon was, theiefoie, piepaied in plates, cuffs and pegs 
by a reliable manufactuieif of catgut pioducts, stenhzed and put up in glass 
tubes (Fig i) After woikmg with this piepaiation, we found tha t it was 

* Read before the Southern Surgical Association, at Birmingham, Ala , Decem- 
ber 7, 1937 

T Davis and Geek, Inc, Brookljn, N Y 
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absolutely steule, easy to walk with, did not show on a loentgenogiam , 
would remain m position 60 to 90 days , had sufficient sti ength , and did niam- 
tcim 1 eduction of the fiactme if piopeily introduced It was well toleiated 
by the tissues and did not mteifeie with hone giowth We feel that 60 to 
90 days is sufficient time for bony union to take place if it is going to occui, 
and that some type of splint, eithei of plaster or metal, should be used in con- 
junction with this matenal We do not advise the use of chiomicized beef 
tendon unless an open operation is indicated ancl when other, moie simple 
methods have failed 

In using chronncized beef tendon we have followed the methods as out- 



Fig 1 —The appearance of both n peg and a cuff of the chiomicized beef tendon as it 

comes in tubes 

lined The fiacture having been exposed thiough a suitable incision, it is 
studied visually and the most desirable method of fixation is decided upon, as 
roentgenograms do not always give one an accurate idea of the fracture The 
tendon is thoroughly washed in sterile water to remove all chemicals If a 
cuff is to be used, it is placed over the periosteum and line of fracture, the 
ends of the latter having been first brought into pioper alignment and held m 
position with any form of mechanical appaiatus available At either end of 
the cuff, holes aie bored through it and the bone large enough to take a 
heavy kangaroo tendon suture This suture is tied around the bone and over 
the cuff several times, thereby holding it firmly in position The cuff should 
not extend over two-thirds of the circumference of the bone upon which it is 
being applied (Fig 2). The blood supply should not be entirely excluded 
fiom the lme of fracture The cuff may also be formed into a roll for use 
m the medullary canal , the roll should not be a tight one so that it may permit 
the fiee circulation of fluids through it This method overcomes most of 
the usual objections to materials placed m the medullary canal Here also, 
holes are boied thiough eithei end of the cuff and bone, and the cuff is an- 
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choiecl fiinily in place with heavy kangaioo tendon fiimly tied aiound the 
bone seveial times (Figs 3 and 4) On the huge bones it may be neces- 
saiy to use seveial cud's 01 plates to seuue film fixation This is a mattei 
of peisonal opinion and expenence 

The chiomicized beef tendon pins 01 pegs aie used in the same manner 
as bone 01 metal pins 01 pegs in oblique fiactures (Fig 5), fractuies of the 


Tig 2 Tjg 3 



Fig 4 Tig 5 

Tig 2 — 'I he appemance of the pf itc 01 cuff applied to the fiactmc and anchored in pi ice by kangaroo 
tendon passed through holes bored through both the cuff and the hone 
Tig 3 — The appearance of the cuff idled into a roll and placed m the medullary canal, and also 
anchored in position b> kangaroo tendon passed thiough both the cuff and the hone 
Tig 4 — The chromicized beef tendon peg used in the medullary canal, illustrating, particularly, the 

loose fit of the peg 

Tig 5 — Illustrating the mannei in which the pegs are passed through an oblique fracture with the 
ends split and anchoied m position with kangaroo tendon 

condyles 01 tubeiosities (Fig 6), and fiactuies of the olecranon process (Fig 
7), etc These pins or pegs may also be used in the medullary canal if de- 
sired It has been found that when these pegs aie anchored in the medullary 
canal with heavy kangaioo tendon passed thiough holes bored thiough both 
ends of the tendon peg and the bone, it is not necessaiy for the tendon peg 
to fit the medullaiy canal tightly The tendon peg also has a certain amount 
of give 01 spring to it which permits it to be put in place moie easily and 
without bieakmg These piopeities cause less damage to the endosteum, and 
also pel nut a fiee cu culation of blood and seium around the peg When 
chiomicized beef tendon pegs aie used in oblique fractures, it is felt that it 
is a good idea to let the pegs extend beyond the bone on either side a shoit 
distance These ends can then be split with bone f 01 ceps and kangaroo tendon 
tied aiound the bone and thiough the split ends of the pegs, which will hold 
them in position and keep them from slipping 111 either direction (inset Fig 5) 
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Chromicized beef tendon can easily be cut with heavy scissois 01 bone cut- 
ting forceps This peimits the shaping of the peg or cuff without the use of 
motoi saws, bone lasps, etc, theieby shoitening the time oi the opeiation 
considei ably 

It is not claimed that chionncized beef tendon should be used in all frac- 
tures, but it is felt that it has a useful place m the aimamentanum for bone 
surgery and in many instances can be employed to great advantage We 
feel that it possesses many desnable qualities and is well woith considei ation 






Fig 7 — Showing the method of fixing 
a fracture of the olecranon with a chromi 
cized beef tendon peg 


ILLUSTRATIVE CASE REPORTS 

Case i — Female, age 35 Automobile accident Complete separation of greater 
tuberosity of humerus, right arm, with anterior dislocation Nailed beef tendon peg, 
Thomas splint, arm m abduction Result Complete union m five weeks’ time 

Case 2 — Female, age 26 Automobile accident Fracture of right olecranon 
Complete separation and dislocation Olecranon drilled and nailed, using beef tendon 
peg Result Union , active and passive motion m five weeks’ time 

Case 3 — Male, age 32 Fracture of both bones of right forearm, middle third, 
caused by slate fall, and was unable to maintain alignment Beef tendon cuff-type 
operation Cuffs tied in place with chiomic catgut Result Union 111 six weeks’ time 
Bisected plaster encasement fixation 

Case 4 — Male, age 40 Oblique fracture of left humerus, middle third , caused by 
slate fall, muscle between fracture line Two beef tendon pegs were driven transversely 
aud tied m position by kangaroo tendon Result Union m seven weeks’ time Thomas 
ami splint applied 

Case 5 — Male, age 28 Fractured first phalanx, right index finger Labor accident 
Intramedullary beef tendon peg used and finger splint fixation Result Union m five 
weeks' time 

Case 6 — Male, age 30 Automobile accident Fracture of left femur, middle third 
luscle between line of fractuve Application of two beef tendon cuffs Applied Thomas 
hg splint, and walking caliper Result Union in ten weeks’ time 
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Case 7 — Male, age 15 Fracture of both bones, left forearm middle third Unable 
to maintain proper reduction Beef tendon cuff applied to both radius and ulna, anchored 
in place by kangaroo tendon Result Union in seven weeks’ time Anterior and posterior 
molded plaster of pans splint applied 

Case 8 — Male, age 45 Fracture of lower third left tibia Intramedullary rolled 
cuff anchored with kangaroo tendon Also osteoperiosteal bone graft used in same case, 
with bone chips Result Union in 12 weeks’ time Plaster encasement fixation 

Case 9 — Female, age 66 Fracture of left humerus Automobile accident Seen 
after several attempts at reduction Fracture at juncture of lower and middle thirds 
Beef tendon cuff anchored with kangaroo tendon Result Union in eight weeks’ time 
Thomas arm splint fixation 

Case xo — Male, age 56 Rather heavy, obese type Fracture of middle third right 
femur Fracture reduced, Thomas splint and later plaster encasement Fracture was 
treated in this manner for over one year, with a resulting nonunion and no callus forma- 
tion whatever 

At the end of one year, an open reduction was undertaken by Drs J Duffy Hancock 
and Ben Wilson Smock, Louisville, Ky The ends of the bone were cleaned of all 
fibrous material and exudate, approximated and retained by an intramedullary beef tendon 
splint Roentgenologic examinations made at regular intervals showed the bones to be 
111 excellent apposition, with no callus formation The leg was reopened at the end of 
four months and the fracture reduced and splinted with a beef bone intramedullary graft 
There was no trace of the beef tendon found at the time the leg was opened up four 
months after its application, to the femur 

Result — Six months after the beef bone graft had been employed, the patient was found 
to still have a false joint, with nonunion He is now able to get about with the use of 
a cane 

Comment — The beef tendon splint served its pui pose in splinting 
and supporting the line of fracture pei fectly , and was demonstrated to have 
been absorbed at the end of four months We feel that it worked perfectly 
as a splint for open bone reduction , that it was in no way to blame for the 
nonunion, as previous tieatment and subsequent tieatment using different 
methods were also failures in effecting the uniting of this fracture 

Appreciation is made to Dr Ralph O Clock, of the Davis and Geek Company of 
New York, for his assistance in the preparation of this material and for donating a 
supply sufficient to enable us to reach a conclusion regarding its availability 
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MALIGNANT TRANSFORMATION OF A SOLITARY SIGMOID 

ADENOMA 

Stlvan D Manheim, MD, and Leonard J Drugkerman, Ml) 

New York X Y 
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It is geneialiy believed that there is a maiked tendency for adenomata ot 
the large bowel to undeigo malignant transfoimation The evidence, which is 
wholly indirect and cncumstantial, has been questioned upon the giounds that 
then association may be coincidental The case hetewith leported we believe 
atfords direct clinical evidence of such tiansfoimation, and is substantiated by 
pathologic sections 

Case Report — (Hospital No 404403) J G, male, age 45, Russian, tailor, was 
first seen in the Mt Sinai Hospital Out-Patient Department in June, 1936 He had 
been well until ten years prior when he began to have painful, bloody bowel move- 
ments He was told he had fissures and hemorrhoids and he was operated upon at 
another institution No relief was obtained, however, for he continued to have attacks 
of painful, bloody diarrhea This continued m a milder form through the ensuing years 
and no diagnostic therapeutic procedures were undertaken until two years prior to his 
admission when he began to suffer from episodes of severe constipation alternating with 
attacks of diarrhea, and the passage of "pus, mucus and blood ” Often he would have 
as many as 12 movements m 24 hours His physician, after making a roentgenologic 
and proctoscopic examination, told him that he had hemorrhoids, anal fissures and 
catarrh of the bowel ” He was admitted to another institution in January, 1936, and 
again an hemorrhoidectomy was performed Several weeks later rectal bleeding re- 
curred, and he also developed epistaxis and generalized petechiae He was readmitted 
to the same hospital where blood studies revealed R B C 3,500,000, platelets 90,000, 
bleeding time 30 minutes, clotting time 11 minutes He received two transfusions and 
had snake venom injections administered The attacks of epistaxis and petechiae stopped, 
and at the time of his discharge from the hospital the platelet count had risen to 200,000 
Mild, occasional rectal bleeding continued Five months later, however, there was a 
recurrence of all his previous symptoms — epistaxis, petechial spots and severe rectal 
bleeding He was then referred to the Mt Sinai Hospital It was ascertained at this 
time that during the past two years he had been on a diet of bread, meat and potatoes 
almost exclusively 

Physical Examination disclosed a chronically ill, pale, poorly nourished, middle aged 
male There were numerous petechiae present over the general body surface Ihe 
liver and spleen could not be felt There were no palpable lymph nodes Chest nega- 
tive Urine negative Blood Wassermann negative Blood examination showed Hemo- 
globin 76 per cent, R B C 5,220,000, WBC 10,950 Differential, segmented polys 70 
Per cent, nonsegmented 3 per cent, lymphocytes 22 per cent, monocytes 3 per cent, 
eosmophiles 2 per cent Platelets 130,000 Bleeding time 6 'A minutes, coagulation 
tune 7 y z minutes 

treatment with snake v enom was continued for a time The epistaxis and petechiae 

Submitted for publication February 21, 1938 
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diminished but the episodes of bloody diarrhea continued and he was referred to the 
Rectal Clinic 

P/octologic Examination — Inspection The peri-anal skin was normal except for a 
few small skin tabs Digital No abnormalities were noted Anoscopy The anal canal 
showed definite evidence of scarring with obliteration of all normal landmarks Sig- 
moidoscopy At full length a polyp the size of a large cherry was encountered The 
tumor appeared normally pink m color and had the usual velvety surface seen in benign 
polypi When the end of the sigmoidoscope was passed over the tumor, one obtained 
the impression that the tumoi was soft 

Clinically the lesion was definitely benign, but as a routine measure biopsy was 



Fig i — Photomicrograph of a typical section of the multiple biopsies 
showing the histologic characteristics of an adenomatous polvp 


performed, three large pieces being taken from different areas The mucosa was other- 
wise normal A barium enema was lepoited as revealing no evidence of an organic 
lesion 

Pathologic Revolt — By Dr Paul Klemperer (No 58023) "Fragments of tissue 
ftom colon They consist of elongated, often branching glands within an hyperemic 
stroma infiltrated by plasma cells and polymorphonuclear leukocytes There are glands 
lined by goblet cells, but the greater number of glands are lined by high columnar 
epithelium with dark rod-shaped nuclei, often multilayered Mitotic figures are seen 
occasionally Pathologic Diagnosis Fragments of adenomatous polyp” (Fig 1) 

After the negative pathologic report and the negative barium enema, it was de- 
cided to coagulate the polyp Sigmoidoscopy was again performed and the polyp 
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brought into view When the coagulating electrode was introduced the tumor slipped 
back beyond the reach of the sigmoidoscope After this had occurred several times, it 
was inferred that the polyp was on a long pedicle The tumor was ultimately usuahzed 
and a complete surface coagulation done All bleeding ceased after the coagulation 
Attempts at further coagulation were made at frequent intervals, but because of poor 
preparation the tumor could not be visualized and it was not until several weeks later 
that a successful sigmoidoscopy could be accomplished At this examination, eight weeks 
after the first observation and biopsy, the tumor presented an entirely different appear- 
ance It now appeared dark red in color, definitely lobulated and felt distinctly hard 
through the medium of the sigmoidoscope In spite of the recent negative biopsy, the 



Fig 2 — Photomicrograph of a section of the subsequent biopsy, eight 
weeks, showing adenocarcinonn 


tumor appeared so decidedly malignant, that another biopsy was immediately performed 
Without awaiting the repoit of the pathologist, complete surface coagulation was done 

Pathologic Revolt— By Dr Paul Klemperer (No 58448) “The outstanding feature 
m the histology is the appearance of the glands They are strikingly elongated and 
branching and very many are lined by low columnar cells m disorderly' arrangement 
with large vesicular nuclei and one or two large eosmophile nucleoli Mitotic figures are 
very frequent There are other glands which are lined by high columnar cells with 
rod-shaped nuclei, the type cell seen m the previous biopsy Pathologic Diagnosis 

Adenocarcinoma’’ (Fig 2) 

The patient was admitted to the surgical service, February 8 , 19 37 > a nd was oper- 
ated upon by Dr A J Beller 
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Opaaltoii — Fcbnury 24, 1937 Under spinal anesthesia, the abdomen was opened 
through a left rectus meision The entire colon was palpated and found to be normal 
except for the sigmoid where a movable mass could be felt The liver was apparently 
normal and there was no involvement of mesenteric nodes The sigmoid was opened 
by a vertical incision exposing a then y-sizul, irregularly nodular, somewhat firm tumor 
on a pedicle about one and one-half inches long The pedicle was ligated at its base, 
cut with the cautery and the tumor and pedicle removed The sigmoid was then 
closed transversely The abdomen was closed in layers The patient made an un- 
eventful recovery and was discharged on the thirteenth day postoperatively 

Pathologic Repoit — By Dr Paul Klemperer (No 58629) “Adenomatous polyp 
with early adenocarcinoma There is no involvement of the pedicle ” 

The patient has been seen frequently in the Follow-Up and Rectal Clinics and was 
last examined January 12, 1938 He has been on a normal diet and has gamed 25 
pounds There have been 110 evidences of petechiae or epistaxis and there have been 
no further episodes of diarrhea or rectal bleeding Sigmoidoscopy as well as barium 
enema have been entirely negative Blood examination Hb 98 per cent, R B C 5,- 
010,000, W B C 7,500 Differential Polys 70 per cent, lymph 23 per cent, monocytes 
5 per cent, eosinophiles 1 per cent, basophiles 1 per cent Platelets 240,000, Bleeding 
time x minute, coagulation time 16 minutes The clot retracted normally The tourniquet 
test was negative 

comment — We do not know with certainty how long the adenoma had 
been present, but feel leasonably sure that it had existed for ten yeais The 
reasons for this are Fust, the ten year histoiy of rectal bleeding, untelieved 
by two hemorihoidectomies peifoimed eight years apart, second, the blood 
dysciasia occuried but one year prioi to his admission to the Rectal Clinic 
and piesumably did not initiate the lectal hemonhages but rather increased 
the tendency to them, and thud, upon removal of the tumor all bleeding 
ceased The temporal y complicating blood dysciasia was at fiist considered 
to be due to avitaminosis Consultation with the hematologist, however, 
established the fact that this was merely a tiansitoiy idiopathic purpura 

When we first saw this tumoi the clinical appeal ance, through the sigmoido- 
scope as well as the feel impaited thiough the instrument, was typical of a 
benign adenoma This was verified by biopsy Realizing full well the 
pathologic variations that may exist in diffeient parts of the same tumoi, 
thiee laige pieces were lemoved and each was sectioned Eight weeks later 
the clinical appearance had changed to such an extent that we immediately 
made a clinical diagnosis of malignancy and took new sections Our clinical 
diagnosis was again confirmed by the pathologist There is but little doubt 
that during this short interval the transition from benign to malignant oc- 
curred As additional evidence of the very early stage of the malignancy we 
have the fact that the pedicle, which was sectioned in several places, failed to 
show any neoplastxc cells 

It is possible that the coagulation may have been the exciting trauma which 
lesulted in the profound change This of course is open to question, but in no 
way detracts from the fact that a malignant tiansformation did occur in a 
proven benign solitary adenoma 
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INTUSSUSCEPTION OF THE APPENDIX 
Frederick Christopher, B S , M D 

E\anstOi\, III 

Up to 1922, Szenes 1 was able to collect 58 cases of intussusception of the 
appendix from the literature In 1927, Huddy- added a case of his own. 
three which apparently had been overlooked by Szenes, and seven others 
Both Szenes and Huddy seem to have overlooked the cases of Cuny and 
Shaw, 3 and Farr -1 Since 1927, the cases of Anzilotti, 5 Withrow, 0 Hamilton 7 
MacDeimott, 8 Mitchell, 0 Esaw, 10 Coopemail, 11 and Bosi 1 - have been pub- 
lished To these should piobably be added the cases of Spurney and Ny- 
quist, 13 and Hipsley 14 In all, some 80 cases of intussusception of the 
appendix have been reported 

As pointed out by Huddy, and confiimed by subsequent lepoits, “by fai 
the greater numbei of cases anse in young childien ” The invagination of 
the appendix may be chronic or subacute and vomiting and loss of weight 
have been noted A sequel to intussusception of the appendix occurs when 
the inverted mass is earned forward by peiistaltic action and drags the ileo- 
cecal valve along the colon producing a major intussusception Moschow itz 1 ' 
observed that cases of intussusception of the appendix had a “moie or less 
protracted history of repeated attacks of severe abdominal cramps occurring 
intermittently with penods of well being” Palpable tumor and blood m the 
stool have been noted Where the appendix may be disinvaginated, its simple 
removal should suffice to cuie In many cases, however, this cannot be ac- 
complished and it has become necessary to resect the cecum 

Case Report — P S, age 9, was admitted to the Evanston Hospital March 15, 1938 
Seven years previously (September 14, 1931) the patient was sent to the Evanston Hos- 
pital by Dr C A Aldrich with a diagnosis of intussusception At that time he had 
had cramp-hke pains which came on at 20 minute intervals all during one night The 
pain was relieved following an enema Doctor Aldrich felt that there had been an 
intussusception which had reduced following the enema For a number of years previ- 
ous to the second admission to the hospital the patient had had attacks of abdominal 
pain which were never definite enough to call appendicitis Three weeks before admis- 
sion he had an attack of generalized abdominal pain with vomiting After a few hours the 
pain localized in the right lower quadrant He experienced pain 111 the abdomen as recently 
as the day before admission Physical examination was negative save for rather marked 
tenderness and some rigidity in the right lower quadrant The leukocyte count at this 
time was 7,000, although it had been 10,000 a few days previously The urine was normal 

Opaation — March 16, 1938 The appendix was found to be at least one-half inch 
m diameter and very firm and edematous There were some petechial hemorrhages on 
'ts surface It was attached to the cecum at almost a right angle At the junction 01 
the appendix and the cecum a smooth confluence of serosa of cecum and appendix pre- 
sented This was due to old adhesions The adhesions were dissected free and there 
was then disclosed a cleft running around the base of the appendix indicating an invagi- 
nation of the appendix into the cecum This finding was confirmed by feeling, through 
the opposite wall of the cecum, the protrusion for one-half to three-quarters of an inch 
°f intussusception into the lumen of the cecum By pressure on this protrusion into the 
cecum and sl ight traction on the appendix the intussusception was reduced A con- 

Subnutted for publication April 7, 1938 
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stneted ring on the appendix marked the furthest advance of the intussusception The 
appendix was removed after catgut ligation and linen pursestring inversion The 
McArthur-McBurney incision was closed without drainage and the boy made a rapid 
recovery (Fig i) 



Til, i — Intussusception of tlu. appendix (a) Condition found at operatio 1 At the junction of the 
ippendix and the cecum were oM adhesions winch are not shown in this driwmg (b) Schematic repre 
sentation of the intussusception of the appendix into the cecum The intussusceptum could he palpated 
through the wall of the cecum (c) Appearance of the appendix after the intussusception in as reduced 

SUMMARY 

(1) Intussusception of the appendix is uncommon, some 80 cases being 
lecoided m the literatuie 

(2) It occuis chiefly in young chikhen, the diagnosis is difficult, the 
tieatment may requite lesection of the cecum 

(3) A case of intussusception of the appendix is leported 
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COSTAL CARTILAGE TRANSPLANTS 


A PRINCIPLE TO BE CONSIDERED IN TRANSPLANTING COSTAL 
CARTILAGE FOR REPAIRING DEFICIENCIES OF THE NASAL 

SKELETON 

Forrest Young, M D 
Rochester, N Y 

MOW THE DEPARTMENT Oi hURGUil TIIL UNI\ ERSITi OF ROCHESTER SCHOOL O* MEDICINE AND DENTI&Tm 

ROCHESTER, N V 

It is the pm pose of this paper to point out a method for moie anatomically 
restoring loss or deficiencies in the bony and cartilaginous framework of the 
nose The principle is of wide application and although suggested in part, 
prior to this communication by Gillies and Mclndoe , 1 has not been cleaily 
formulated m its entnety for those interested in reconstructive suiger}- of 
the face 
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Fie j — Noimal nasal skeleton Notice the manner in which the septal and alar cartilages arc 
hinged This allows mobility and jet retains form 


The nose consists of a skeleton of bone and cartilage, covered extenorly by 
skin and fat and on the inside by mucous membiaiie It is in effect a tent, 
the ndgepole of which is made up superiorly by the midhne junction of the 
nasal bones, m midportion by the dorsal edge of the cartilage of the nasal 
septum, and at the tip by the folded, opposed edges of the majoi alar cartilages 
supported on the cartilage of the septum below The pitched roof of the tent 
is supported on either side by the nasal bones above and the lateral and major 
alai caitilages below (Fig i) 

This framework may be damaged, or paitially or complete!) lost The 
moie common causes of such deficiencies in the supporting nasal skeleton aie 
Infection, trauma, and congenital failuie of development New growths 
usually destroy skin and mucous membrane as w r ell 

Such a loss or disanangement of bone and cartilage allows the skin cover- 
ing to sag inwaid This falling in of the nose changes its contour and in so 
doing changes the entire appearance of the face It may, by decreasing the 
anteioposterior diameters of the nasal passages, seriously interfere with nasal 

Submitted for publication January 6, 193S 
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Fig s — M arked leti occasion of nose due to congenital absence of c irtilagnious skeleton Final appearance obtained m foui st iges (it 
Ad\ aiicement of soft tissues, (2) lengthening soft tissues of columella, (3) an “L” shaped caitilige transplant to stretch the nasal skin still 
fuithei foruaid, and (4) after some months 1 hinged transplant to constiuct the mail tip 
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respiration (Fig 2) Thus loss of the nasal skeleton in pait may damage 
both the appeal ance and function of the nose Any method for coirecting 
such a condition should attempt to nnpiove both, and in effecting this the 
restoration should, without question, follow as neaily as possible the normal 
anatomic make-up 

For supplementing the nasal skeleton vanous substances have been em- 
ployed Among these aie lubber, paiaffin, lvoiy, celluloid, vanous metals, 



12 3 4 5 6 

Tig 6 Diagrammatic representation of the constiuction of a hinged costal caitilage transplant 

cellulose plastics, heteiogenous and autogenous bone and caitilage I think it 
is safe to say that the human body tolerates foieign material pooily More- 
ovei, individuals are biologically so diffeient that an ineit substance which 
may persist in one, without an attempt of the body to cast it off, will not be 
well tolerated by another In the present state of our knowledge concerning 
the exceedingly complex question of tissue ti ansplantation, we feel that it is 
best to employ only autogenous material, and of these costal cartilage is bettei, 
on the whole, than bone It can be moie easily shaped to a desned foim than 
bone and it exists on veiy little nourishment Thus ovei a period of time bone 
may be absoibed but caitilage ati opines very little when transplanted subcu- 
taneously and usually maintains its shape well 
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\oiurae ios COSTAL CARTILAGE TRANSPLANTS 

Suntbi.r o 

In some instances a depiession of the tloisum of the nose following trauma 
ib not a lesult of actual eaitilagmous loss hut of chsaiiangement In these 
cases theie is usual!} a fiatlure of the eaitilagmous skeleton with displace- 
ment clou m\ aid m Mich a \\a> as to pnitially obstruct the nasal airways In 
some ot these the tiamewoik can he leauanged in appioxnnately normal 
iasluons as suggested In New,- Stiaith 1 and otheis, but m a majority of 
instances it is necessan to peifoim a moie 01 less modified submucous resec- 
tion to lmpune bieatlnng, and then tiansplant cartilage to the dorsum to 
restore contoui ( Figs 3 and 4 ) 

I11 loss of substance fiom septal abscess, theie must, ot couise, be a recon- 
struction, which means a tiansplant The same is tiue in congenital failuie 
ot toimation of the humewoik (Fig 5) 

Opi'iativc Tcclnih — The method which we have giadually evolved is a 
rather mule attempt to replace not only the cloisal edge of the septal cartilage 
but the alai caitilages as well Instead of placing a long stiut of cartilage 
along the dorsum, appiopnateh shaped to fill in the depression, as is the usual 
piactice, a section ot costal caitilage is iemo\ed with its pei ichonch mm intact 
This section is selected with the cune 01 stiaight line desned foi the dorsal 
line ot the nose If a columelku stippoit is needed, the fiist cut piovides foi a 
\ertical post lunged to the mam mass Paiallel longitudinal cuts aie made on 
the edge opposite that selected ten the doisal ndge These cuts go down 01 
almost to the peiieliondrium and the thin wings aie flattened outward so that 
they i cniain hinged 1>\ peiichonduum The median mass is thinned and 
shaped to a pattern pieuousl} dctei mined fiom a cast of the tace upon which 
the desned nose Inis been built m day and halt 1 emoted The wings aie 
thinned and shaped ( Fig 6) 

Modeling such a tiansplant is a moie difficult task than making a simple 
long strut, and it icqunes a wider opening to allow its mtioduction undei 
the nasal skin We make an incision usually just inside the mucocutaneous 
line of the alac and cany it auoss the columella at its junction with the nasal 
tip This allows a cleai view undei the skin of the nose and easy mtioduction 
of the tiansplant A small tunnel can be made downward for the columellai 
pi op if it is nccessaij 

Such a tiansplant we believe is superioi to the usual cantilevei stiut If 
earned out accoulmg to indications and well conceived pieopeiative plans, it 
produces more normal appealing side walls of the nose and allows a laiger 
airway below, because the nasal lining is not held downward by a laige mass 
of cartilage designed merely to lest upon it m its depiessed position 
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AN IMPROVEMENT IN THE APPLICATION OF BONE PLATES 

Fred E H\nd, VIE , and Will F Lyon, MD 
Chicago, III 

This is not a plea foi the application of plates to fractuies, simplei meas- 
uies of letention should be used wheie they suffice Nevertheless, theie does 
seem to be a small peicentage (about 5 pei cent in my experience) wheie 
some form of internal fixation is lequued, and in some of these a pioperly 
applied plate offers a satis factoiy means of maintaining immobilization and 
contact at the fiactuie line But if a plate is to be employed the mechanics of 
its application should be as peifect as possible Asepsis and satisfactory 
1 eduction of the fiactuie aie taken foi gi anted, as in all open bone surgeiy 
Oui piesent concern being with the mechanics of the application of plates, 
six desideiata appeal to be indispensable 

1'lC I 


CORRECTLY GOING IN 

SET OFF CENTER 



Fig 2 


SNUGGED DOWN 


r 



L ' ~ 

1 igs i and 2 — Show a screw properly set and one m 
ti oduced off centei » winch causes side pressure, resulting in 
t\entual loosening of the screw 

1 A stiong plate of noncoiiochng metal 

2 Metal type of sciews, self-tapping, same matenal as the plate, to pic- 
vent electrolysis 15 

3 Conect size dull foi the sciew employed — same as the loot diametci 
of the sciew 

4 Di ill-holes peifectly centered in the hole of the plate 

5 At least half of the sciews long enough to engage the opposite coitex 

6 Sciews snugged in place but not tightened excessively 
Submitted for publication February 14, 1938 

* Experiments are under way to prove the superior holding qualities of screws with 
coarser and deeper threads, designed for uniting sheet metal, bronze, monel metal, bake- 
hte, etc , and will be reported shortly 
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APPLICATION OF BONE PLATES 


Considci dblc uoik has been clone by Zieiokl, Lenche and Pohcaid, [ones 
and Pohcaul, Sheiman and moie iccently by Venable, Stuck and Beach m 
nnpioving the composition of plates and sc lews, but no one has offeied a satis- 
factoiy means ot enabling the opeiatoi to centei his di ill-holes couectly m 
the holes of the plate The be\el of the head of the sciew fits the bevel of the 
hole in the plate so that as the sciew is tightened down it is fotced into the 
centei The fust hole makes no ditteiencc because the plate is still fiee to 
move about, but as soon as one sciew is snugged in place the plate is anchored, 
and unless subsequent drill-holes aie petfectly centei ed temfic side piessuie 
is going to be exerted because the plate cannot give This side pressure un- 



. . I ' r ' 


Tic 3 — Shows a drill centering: jig, con 
structul to overcome the temlencj to introduce 
the screw eccentric ill} 

doiibtedly accounts for occasional fiaitmes thiough the di ill-holes, and moie 
often foi piemature loosening of the sciews as the bone letieats befoie the 
extieme side piessuie of the sciew when it is placed eccentrically (Figs 1 
and 2) 

lo oveicome this difficulty a small drill-centering jig has been devised, 
and used a sufficient number of tunes to justify the conclusion that it woiks 
as well practically as theoietically (Fig 3) 

The jig consists of two buttons, the uppei one containing a set-screw 
which secuies it to the dull The lowei one is beveled to fit the bevel of the 
hole m the plate Between the two is a cod spring which is not attached to 
die buttons but enencles them Idosely in a nauow groove This spring 
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should be just ngid enough to withstand a sufficient piessuie to keep the lower 
button firmly m the hole of the plate as the drill is being staited, so that it is 
kept definitely in the centei of the hole The jig must be placed at such a 
height on the drill that the point does not piotiucle thiough the lowei button, 
foi if the point does piotiude the jig cannot exercise its centering action 
Obviously, too, a coirectly shaipened drill-point will not tend to wander as 
will one that is gi ouncl incoi 1 ectly and asymineti ically 

Properly applied, a plate may be depended upon to give pei feet immobiliza- 
tion at the fractal e line, and external splints need be employed only foi 
minimal protection 


FINNEY-HOWELL RESEARCH FOUNDATION, INC 

Announcement has been made by the Fmney-Howell Reseaich Founda- 
tion, Inc , that all applications foi fellowships foi next year must be filed in 
the office of the Foundation, 1211 Cathedial Stieet, Baltimore, Maryland, by 
Januaiy 1, 1939 Applications leceived aftei that date cannot be considered 
for 1939 awaids, which will be made the first of March, 1939 

This Foundation was piovided foi m the will of the late Dr George 
Walker of Baltimore foi the suppoit of “leseaich woik into the cause 01 
causes and the treatment of cancel ” The will dnected that the surplus 
income fiorn the assets of the Foundation togethei with the pnncipal sum 
should be expended within a penod of ten yeais to suppoit a numbei of fel- 
lowships m cancel leseaich, each with an annual stipend of two thousand 
dollais, “m such universities, laboi atones and other institutions, wheiever 
situated, as may be approved by the Board of Directois ” 

Ten such fellowships weie awaided m 1938 

Fellowships cai lying an annual stipend ot $2000 aie awarded foi the 
pei lod of one yeai , with the possibility of 1 enewal up to three years , when 
deemed wise by the Board of Dnectois, special giants of limited sums may 
be made to support the woik earned on under a fellowship 

Applications must be made on the blank foi ms which will be furnished by 
the Secietaiy or any membei of the Boaid of Dnectors 
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